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Bab edh-Dhra is the most extensively excavated cemetery from Early Bronze 
Age, Jordan. Despite thorough study, the social structure and existence of social 
inequality remain unclear. This was addressed using osteological evidence of 
physiological stress to compare between family tombs. In societies exhibiting social 
inequality, individuals of lower status experience higher levels of stress. Evidence of 
physiological stress (femoral length, LEH, metabolic disorders, periosteal reactions, 
cribra orbitalia, and porotic hyperostosis) was recorded using standard methods for 250 
adults. The artifact counts in this study have been previously published. Differences in 
the frequency of stress indicators were compared using chi-square tests. The results show 
no difference in the frequency of stress indicators between tombs and no correlation 
between artifacts and frequency of stress indicators. This indicates that families at Bab 
edh-Dhra experienced similar stress levels and low inequality. This may be due to 
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Bab edh-Dhra, Jordan is an Early Bronze Age settlement with an associated 
cemetery. The settlement site shows clear signs of occupation from the Early Bronze Age 
II (EBAII), 3100 BC-2750 BC, onwards, but was abandoned or destroyed in the Early 
Bronze Age III (EBAIII). Use of the cemetery predates the settlement site, with use 
dating from the Early Bronze Age I (EBAI), 3600 BC-3000 BC, through the Early 
Bronze Age III, 2750 BC-2350 BC (Ortner and Frohlich, 2008). Bab edh-Dhra is a 
unique site in that it is both a large settlement and a large cemetery in an area that has not 
frequently been heavily settled After the site was abandoned, the area was never settled to 
the same extent again in antiquity (Ortner and Frohlich, 2008).  
The earliest part of the cemetery, dating to the EBAI, consists of multi-use, 
chambered, shaft tombs (Ortner and Frohlich, 2008). Based on analysis of dental trails, 
these tombs are likely multigenerational family tombs (Bentley, 1987). Because there is 
little archaeological evidence for settlement contemporaneous with Early Bronze Age I A 
(EBAIA) use of the cemetery (Ortner and Frohlich, 2008), there is scholarly debate about 
the culture associated with the EBAI cemetery. Specifically, there is debate about the 
subsistence strategy or system employed by the cultural group—whether pastoralist or 
agricultural—and the associated degree of social inequality present within the group 
 
2 
(Beynon et al., 1986; Bentley, 1987, 1991; Harlan, 2003; Rast and Schaub, 2003; Ortner 
and Frohlich, 2008; Schaub, 2008; Gasperetti and Sheridan, 2013).  
Several researchers have proposed that the EBAI cultural group associated with 
the cemetery practiced pastoralism and had little to no social inequality within their 
society (Rast and Schaub, 2003; Ortner and Frohlich, 2008; Schaub, 2008). In support of 
pastoralism, there is little evidence of EBAI era permanent structures at Bab edh-Dhra 
(Ortner and Frohlich, 2008); permanent structures would be inconsistent with many types 
of nomadic pastoralism. Historically, pastoralism has been associated with a lack of 
social inequality, but more recent research has indicated that this is a false conflation 
(Wengrow, 2009). Mortuary programs can also be highly reflective of adaptive systems 
and degrees of social inequality (Binford, 1972; Papathanasiou et al., 2013; Peck, 2013). 
In pastoralist societies, as well as forager societies, when there is little to no social 
inequality, differences in mortuary programs typically reflect age, status, and gender, but 
not all societies practice differential treatment of their dead, especially societies lacking 
social inequality (Flannery and Marcus, 2012). The degree of any such differentiation in 
mortuary practice is dependent on the practices of the specific society (Kelly and 
Thomas, 2010). In the EBAI phase of the cemetery, there are no evident differences in 
the mortuary programs relative to age or sex of the interred individuals. This indicates 
that, at least in their mortuary culture, individuals were treated equally (Ortner and 
Frohlich, 2008). Further, according to Schaub (2008), there is no evidence of inequality 
in the numbers or types of mortuary artifacts in the tombs. Each tomb has a similar suite 
of grave goods that are of the same general quality and number (Schaub, 2008). Overall, 
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this suggests that the cultural group associated with the EBAI portion of the cemetery 
was egalitarian (Ortner and Frohlich, 2008). 
Other researchers (Bentley, 1987, 1991; Harlan, 2003; Gasperetti and Sheridan, 
2013) have proposed that the EBAI cultural group associated with the cemetery practiced 
agriculture and was characterized by a moderate degree of social inequality within their 
society. Again, historically the development of agriculture has been strongly associated 
with the development of social inequality even though many cultures developed 
inequality without agriculture (Flannery and Marcus, 2012). Cultural groups in other 
regions of Mesopotamia and the Levant practiced agriculture during the EBAI, meaning 
that the same practices may have existed at Bab edh-Dhra (Bentley, 1987, 1991). 
Furthermore, biodistance analysis at Bab edh-Dhra has shown an extreme level of 
homogeneity of recessive dental traits (Bentley, 1991). This finding would suggest that 
the people associated with the Bab edh-Dhra cemetery were not pastoralists, but more 
likely agriculturalists. The established assumption is that pastoralists would have been 
characterized by greater genetic diversity than would sedentary people, because nomadic 
people are likely to come into contact and intermarry with other groups of people as they 
move (Ortner and Frohlich, 2008). Additionally, there is also some evidence of 
permanent structures, buried walls from the EBAI near the Bab edh-Dhra cemetery, but 
their function and relationship to the cemetery are unclear (Rast and Schaub, 2003; 
Gasperetti and Sheridan, 2013). The archaeological evidence of structures dating to the 
EBAI has been interpreted as evidence that there may have been a local permanent 
settlement, but its relationship to the cemetery is unclear. Some archaeologists interpret 
this to mean that the EBAI people at Bab edh-Dhra were sedentary, due to the possibility 
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of structures, based upon the discovery of several buried walls (Rast and Schaub, 2003; 
Gasperetti and Sheridan, 2013). However, others believe that the EBAI people were 
pastoralists, because the evidence of structures is not clearly linked to the cemetery 
(Ortner and Frohlich, 2008). A few propose that the people at Bab edh-Dhra shifted 
between the two subsistence methods as the climate shifted (Richard, 2013). 
In agricultural societies, characterized by varying degrees of social inequality, 
mortuary programs reflect social status, authority, power, and prestige (Flannery and 
Marcus, 2012). The burial practices at Bab edh-Dhra do not show any significant 
differences that can be clearly associated with social inequality (Ortner and Frohlich, 
2008). Indeed, the uniformity of the mortuary program at Bab edh-Dhra could be 
interpreted as a lack of difference in access to resources between people in the culture, or 
as an indication that differences between people were not extreme enough to be 
identifiable in the mortuary program at Bab edh-Dhra. Any present social inequality may 
also have been expressed in ways that are not identifiable through archaeological 
remains. Social inequality typically increased as agriculture intensified, which means the 
mortuary program could also be interpreted as agriculture and social inequality being 
recent developments that were not yet discernable in the mortuary program (Flannery and 
Marcus, 2012). While agriculture had existed in this part of the world for thousands of 
years, the EBAI is characterized by the adoption and intensification of both horticulture 
and viticulture (Stager, 1985; Joffe, 1991). 
Currently available data from the EBAI at Bab edh-Dhra cannot address 
subsistence methods. There is no associated settlement site or any other archaeological 
data beyond the osteological remains and associated grave goods. Previous dental wear 
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and musculoskeletal marker analysis did not provide anything conclusive (Ullinger, 
2010). However, the osteological remains can provide data to address the question of 
social inequality.  
This leads to my primary research question: Is there evidence of social inequality 
in the osteological remains from the EBAIA tombs at Bab edh-Dhra? The lack of a 
clearly associated settlement leaves the osteological remains as the only other major 
source of evidence of differences in social status, since the grave goods and burial 
practices do not show evidence of differential treatment (Schaub, 2008).  
The research question is further divided into secondary questions. Aggregated by 
tomb, do the individuals in some tombs exhibit a higher frequency of metabolic disorders 
and skeletal evidence of nutritional deficiency? Do individuals in some tombs exhibit a 
higher frequency of non-specific indicators of skeletal stress, such as periosteal reactions 
and LEH? Are associations present between the type of mortuary artifacts from a given 
tomb and skeletal stress indicators or metabolic disorders in individuals from the same 
tomb? While statistical analysis shows no difference in grave goods between the tombs, if 
there are minor differences that correlate to social inequality, they may show as a 
correlation between artifact types and skeletal indicators of possible social inequality. 
Here, I have assessed whether differential frequencies of skeletal stress indicators and 
skeletal evidence of metabolic disorders and nutritional deficiency exist between the 
tombs and investigated whether any detected differences may be reflective of social 
inequality. I collected skeletal evidence on the individual-level and aggregated the 
resulting data to investigate evidence for differential frequencies between tombs. As each 
tomb likely represents a multigenerational family group, any differences between the 
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tombs may represent differential status between families (Ortner and Frohlich, 2008). 
This is a meaningful level of analysis, because in well documented cultures, such as the 
Maya and the Natufian, early systemic inequality has typically first appeared as 
differences between different families (Flannery and Marcus, 2012, Kelly and Thomas, 
2010). Early systemic inequality is defined as differences beyond those arising from 
differences of ability (Flannery and Marcus, 2012; Kelly and Thomas, 2010). This is 
likely because early social inequality typically coincides with early agriculture. 
Differences in harvests between fields used by different families can easily lead to 
differences in access to resources between families (Flannery and Marcus, 2012). 
Children are dependent on their parents for resources, which means that parental status 
will influence the physiological stress experienced by the children (Adler and Snibbe, 
2003; Larsen, 2015). While the development of inequality at Bab edh-Dhra is not well 
documented, it likely followed this typical pattern, which means that any early examples 
of inequality at Bab edh-Dhra would most likely appear as slight differences in 
physiological stress between families over several generations (Ortner and Frohlich, 
2008). Bab edh-Dhra during the EBAI is a site that is on the cusp of developing 
inequality. By EBAII there is documented inequality at Bab edh-Dhra. This study is 
looking at a trans-egalitarian sample in an attempt to identify evidence of inequality, but 
inequality must be relatively severe to be identifiable in osteological material (Larsen 
2015).  If a multigenerational family has a lower status than another multigenerational 
family, the difference should be reflected at the tomb level.  
 In modern times, inequality is considered a global social issue. Many historians, 
social scientists, and economists spend years studying the types and effects of modern 
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inequality to find solutions to extreme inequality (Savoia and McKay, 2010). In fact, 
addressing inequality is one of the current United Nations Sustainable Development 
Goals (United Nations, 2015). Archaeology, with its unique perspective of the past, 
focusing on much older and longer time periods than historians, can add to the 
understanding of modern inequality by examining when inequality drastically increases 
and searching for the causes of inequality (Kohler et al., 2017). In addition, sociology has 
been studying the caused and impacts of social inequality on modern populations. An 
understanding of the development and the impacts of social inequality from an early 
instance of it could reveal causes or impacts that would be unexpected based on more 
recent examples of social inequality. Given that global organizations want to understand 






Social Inequality  
Most human groups have some form of social hierarchy (Sapolsky, 2004; 
Flannery and Marcus, 2012), which primarily translates into differential access to 
resources, such as adequate nutrition, for different subpopulations, and individuals within 
the group (Flannery and Marcus, 2012). Groups with a social hierarchy have social 
inequality due to unequal access to resources. A group with social inequality is, literally, 
one where the people making up the group are unequal. An individual’s social status 
defines their position within an unequal society. The degree of inequality depends on the 
hierarchy of the group (Flannery and Marcus, 2012). The most basic hierarchical 
structures in human cultures are often based on age or gender and individuals can change 
status throughout their lives (Sapolsky, 2004). Sometimes social status is passed through 
generations and reflects a rigid nature. Other structures are more situational, with rank 
fluctuating as a function of resource availability or the presence of allies (Sapolsky, 
2004).  
In modern, stratified, state-level societies, the strongest reflection of social status 
is socioeconomic status (SES) (Adler and Snibbe, 2003). The difference between the 
highest and lowest SES levels in a society is frequently used as a proxy for measuring the 
level of social inequality in modern groups. SES is approximated by measuring income, 
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education, and occupation, because all of these factors represent differential access to 
resources (Adler and Snibbe, 2003). Status in past societies is also reflected by 
differential access to resources, but different aspects of life are used to evaluate that 
access. Income, education, and occupation are rarely directly measurable in 
archaeological data. 
 
Identification and estimation of social inequality in prehistory using archaeological 
evidence 
For prehistory, social structures are estimated primarily using archaeological data, 
specifically settlement patterns and mortuary practices, but also using osteological 
remains (Larsen, 2015). The identification of inequality and eventual estimation of 
inequality through archaeological evidence is usually done by combining data from as 
many lines of evidence as possible. Social stratification, an indicator of social inequality, 
was defined by Fried (1960, 1967) as differential access to resources, especially those 
that are life sustaining. The aspects of life that can be affected by social stratification are 
such things as housing, diet and nutrition, access to medical care, exposure to disease and 
disease-causing agents, occupation, and clothing (Roosevelt, 1984). 
The primary evidence for social stratification comes though mortuary remains, 
because artifacts from burials can most easily be associated with specific people, when 
remains are not commingled. The remains themselves can also be studied to understand 
an individual’s life. Mortuary studies look at differential treatment of individuals after 
death, as well as differences during life that are still identifiable, such as diet, location of 
childhood and body modification (Knudson and Stojanowski, 2009).  
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Grave goods, artifacts buried with individuals, are frequently used to make 
inferences about social stratification. For instance, Gowland (2006) has used changes in 
grave good quantities and types in Anglo-Saxon (600-800 AD) cemeteries in England, to 
estimate changes in social status associated with age. This study determined that males 
were considered to be adult men around the age of 18 because skeletons estimated to be 
18 years and older were all buried with swords. Gowland (2006) also determined that a 
similar status shift occurred for females between the ages of 13 to 17, evidenced by a 
drastic increase in the number of grave goods. In other studies, such as those focused on 
the site of San Pedro de Atacama, Chile, during the Quitor through Catarpe phases (600-
1560 AD), higher status of the deceased was evidenced by grave goods that used non-
local manufacturing techniques and artistic motifs, as well as metal objects (Buikstra, 
1984; Torres-Rouff, 2009). Higher status individuals also had higher quantities of grave 
goods than those interpreted as being of lower status (Buikstra, 1984). Similar studies of 
sites in the central Andes, from the Tiwanaku culture (ca. 500-1100 AD), show evidence 
of elevated status being indicated through grave goods suggesting relative wealth, such as 
gold, copper, and especially well-made textiles and ceramics (Knudson and Blum, 2009).  
In addition to the contents of a grave, the location, size, and type of a grave can 
also indicate social status. Some cemeteries are segregated by social status, age, or 
religion (Buikstra and Scott, 2009). In some instances, grave location can be indicative of 
a unique status within a group (Buikstra and Scott, 2009). At Gran Quivira Puelo in a 
cemetery from the Late Period (1560-1672 AD), for instance, an adult was buried in an 
area of the cemetery that appeared to be reserved for sub-adults. However, the individual 
was buried with the suite of grave goods typically associated with adults.  The uniqueness 
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of this burial relative to others at the site indicates that the individual may have possessed 
a highly distinctive social identity within the society and potentially elevated status. In 
particular, this individual may have been disabled in some way during his life (Buikstra 
and Scott, 2009).  
The bodies of the individuals themselves can also give clues as to social structure 
and status. Isotope analysis can give indications of social status through information 
about diet and residential history (Larsen, 2015). This is especially true if there are 
differences between groups or individuals within a single cemetery sample (Larsen, 
2015). For instance, differences in ratios between carbon, nitrogen, and oxygen isotopes 
can provide evidence of differences in dietary composition between individuals or 
subpopulations, such as differential consumption of animal protein, which can be 
indicative of status. Clusters of individuals eating drastically different diets within the 
same sample can be indicative of status (Larsen, 2015).  
Body adornment and modification are used to visually communicate important 
information about individuals such as social status, gender, group identity, and religion 
(DiPaolo Loren, 2010). For instance, in the Late Post Classic Mayan Period in Lamanai, 
Belize (ca. 1450-1500 AD), cranial modification was used to indicate childhood group 
identity over a large geographical area (White et al., 2009). However, this practice also 
constituted a permanent performance of group identity; any change in group identity later 
in life could not be reflected in cranial shape once the cranial bones fused during growth 
and development (Larsen, 2015). On a smaller geographic scale, slight variation in 
cranial shape can indicate social status, as determined through correlation with grave 
goods (Knudson and Blom, 2009; Knudson and Stojanowski, 2009). While cranial 
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modification is an extreme example, many cultures practice body modification that 
impacts the skeleton to varying degrees (DiPaolo Loren, 2010). These modifications 
range from foot binding, neck stretching, corseting, and tooth filing to tattoos and 
piercings, all of which are visual indicators of status and group identity (DiPaolo Loren, 
2010). 
One major issue with estimating social inequality from archaeological and 
osteological data is that slight inequality may not create enough differential access to 
resources to create statistically significant differences in the archaeological record. For 
instance, cultures in Papua New Guinea have some inequality with “Big Men” have a few 
more resources and a bit more influence, but not enough that it would cause osteological 
change or a statistically significant difference in grave goods (Ortner, 2003; Flannery and 
Marcus; 2012).  
In the tombs at Bab edh-Dhra, this could appear as differences in grave goods that 
are noticeably but not statistically significant, such as just a few tombs containing 
jewelry. It could also show up as results that are just barely statistically significant, or just 
barely not statistically significant. Because social inequality functions on a sliding scale, 
there are not clear divisions between no inequality and a little inequality that does not 
impact the archeological record.  
Health 
“Health” is a difficult concept to define and operationalize in bioarchaeology, 
primarily because of the incompleteness and ambiguity of skeletal and archaeological 
evidence (Reitseima and McIllvaine, 2014). For example, while the Centers for Disease 
Control and Prevention (2014) define health as “a state of complete physical, mental, and 
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social well-being and not just the absence of sickness or frailty”, bioarchaeologists cannot 
operationalize most of these variables, as they are qualitative instead of quantitative, 
highly complex, culturally dependent, and subjective. Instead, the presence or absence of 
skeletal lesions or oral indicators of stress, metabolic disorders and other pathological 
conditions, and evidence of inadequate nutrition are used as proxies for health (Buzon, 
2006; Klaus, 2014). DeWitte (2014) has found that these indicators of physiological 
stress strongly correlate to health and frailty. Bioarchaeology has focused on stress 
instead of health, because health and disease are continuous processes throughout a 
lifetime that are influenced by environmental disruptions (Armelagos et al., 1978; 
Rodney and Mulligan, 2014). In this way, skeletal indicators of stress show an event of 
environmental disruption or change, rather than reflecting any definition of health 
(Temple and Goodman, 2014; Rodney and Mulligan, 2014; Clark et al, 2014). In fact, 
both Klaus (2014) and Reitsema and McIlvaine (2014) define stress as any change from 
homeostasis caused by environmental change.  
To further complicate the idea of studying health in the past, bioarchaeologists 
study the dead (Wood et al., 1992). This means that, regardless of age at death, no 
individual in a bioarchaeological sample can ever be considered healthy (Wood et al., 
1992; Wilson, 2014). Additionally, all bioarchaeological samples are the result of 
repeated sampling due to the fact that the individuals in a cemetery usually have died 
over a lengthy period of time (Wilson, 2014), meaning that these samples do not 
necessarily represent members of communities, all experiencing the same set of temporal 
or environmental conditions. One of the ways that these issues is addressed is by 
comparing the frequencies of stress indicators that correlate with health, as noted above, 
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between populations and subpopulations within and between archaeological sites and 
skeletal assemblages (Wright and Yoder, 2003; Klaus, 2014). Specifically, this study uses 
metabolic disorders, LEH, femur length, and periosteal reactions as stress indicators that 
correlate with health.  
Health, Stressors, Stress, and Status 
There is a strong association between status within a stratified society and health 
in both past and present populations. This is because status affects levels of stress, and 
therefore health, through environmental, psychological, behavioral, and biological 
mechanisms (Adler and Snibbe, 2003). Overall, low status individuals experience a 
greater number of psychological and physical stressors during their lives than those with 
a higher status. In modern societies, those of lower status face greater stressors, and have 
access to fewer resources to mitigate them, leading to increased stress (Adler and Snibbe, 
2003). In contrast, those of higher status typically face fewer, less potent stressors and 
experience less stress (Adler and Snibbe, 2003). Multiple lines of archaeological 
evidence suggest that this dynamic began in the Neolithic, with the beginnings of 
agriculture (Cohen, 1984; Flannery and Marcus, 2012), and has operated throughout 
human history, with varying impacts upon human health.  
Overall, social hierarchies constitute a graduated scale and each step downward 
increases morbidity and mortality risks, while each step upward reduces them (Sapolsky, 
2004). In modern populations, there are strong correlations between low status and 
conditions, such as cardiovascular disease, arthritis, diabetes, chronic respiratory 
diseases, cervical cancer, schizophrenia, substance abuse, and anxiety. This is due to 
reduced access to social support, food, and healthcare, coupled with increased exposure 
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to toxins and pathogens (Adler and Snibbe, 2003). In past populations, the strongest 
correlations are found between low status and conditions such as linear enamel 
hypoplasia (LEH), growth stunting, and periosteal reactions, all of which indicate 
extreme physiological stress (Larsen, 2015). While it is unclear if poor health causes low 
status (a model designated health selection) or low status causes poor health (a model 
designated social causation) most scholars agree that it is likely some combination of 
both models operating in a negative feedback loop (Warren, 2009). Because individuals 
who have lower status have fewer resources, they are less likely to receive as much or as 
high quality medical care or nutritious food as someone with higher status might. This 
can lead to poorly managed chronic health conditions, which can negatively impact an 
individual’s ability to work and acquire resources. The reduction in available resources 
can further impact the individual’s ability to access food, healthcare, and quality housing. 
This continues in a negative feedback loop (Warren, 2009).  
Biological responses, rather than psychological or behavioral responses, to 
stressors have the greatest influence on health (Adler and Snibbe, 2003). Physiological 
stress is any kind of physiological change caused by strain on an individual, such as lack 
of nutritionally adequate food, trauma, and disease (Klaus, 2014; Reitsema and 
McIlvaine, 2014). In situations of chronic stress, the biological responses to acute 
stressors are enacted over long periods of time, typically leading to immune system 
suppression, chronic inflammation, and growth suppression, which is detrimental to 
health (Adler and Snibbe, 2003; Sapolsky, 2004). People who endure more stress tend to 
be less healthy and of lower social status (Adler and Snibbe, 2003; Sapolsky, 2004).  
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Skeletal Responses to Stress 
Chronic physiological stress and malnutrition can cause changes to the skeleton 
that are recognizable on dry bone and interpretable within archaeological contexts. 
Importantly, biological responses to chronic stress affect both soft tissue and the skeleton, 
whereas acute stress typically only affects soft tissue (Ortner, 2003; Larsen, 2015). In 
response to chronic stress, the adult skeleton can respond by either adding bone tissue, 
removing bone tissue, or a combination of both. Subadults can also respond by altering 
morphology during growth and development (Ortner, 2003; Larsen, 2015). Because of 
the limited skeletal responses, most skeletal lesions cannot be attributed to a specific 
cause, only to a general category of osteological reaction, such as growth anomaly, 
trauma and repair, inflammation/immune response, vascular reaction, metabolic disorder, 
neuromechanical, or neoplasms (tumors) (Ortner, 2003). Overall, these general 
categories, except for trauma and neoplasms, can be conceptualized as the result of 
different types of reactions to physiological stress (Ortner, 2003; Miller et al., 1996).  
Low status, especially when experienced during the period of growth and 
development, is often associated with a higher frequency of skeletal pathologies in 
skeletal assemblages (Larsen, 2015). This is because of the increased risk that stress can 
cause growth interruptions. Stress during growth and development, even in utero, can 
detrimentally impact how the body and immune system develop, leading to an increase in 
chronic and degenerative conditions later in life (Barker, 1991). Indeed, a variety of 
studies have shown that skeletal lesions associated with chronic conditions are the ones 





One example of a category of chronic conditions that is often reflective of 
unequal social and biological conditions during the life course is metabolic disorders. 
Metabolic disorders are caused by nutritional deficiencies, which interrupt metabolic 
processes and negatively impact the body’s ability to function and grow (Ortner, 2003). 
Metabolic disorders have a greater impact on bone integrity and morphology during 
growth and development, due to rapid change, than they do during adulthood (Ortner, 
2003). Metabolic disorders also impact the skeleton faster and more powerfully during 
this period than during adulthood, due to nutrient requirements (Larsen, 2015). 
Osteoporosis 
Osteoporosis is a non-specific indicator of several metabolic disorders, most 
commonly calcium imbalances and general caloric malnutrition (Larsen, 2015). It 
appears macroscopically as reduced bone density and increased bone porosity (Ortner, 
2003; Larsen, 2015). Osteoporosis can happen when a nutritional deficiency is severe 
enough that the body is unable to maintain adequate bone mineralization (Larsen, 2015). 
The attribution of osteoporosis to a specific cause is difficult, because in addition to being 
an indication of malnutrition, it is also a natural part of aging, as it is commonly found in 
senescent individuals, especially females (Larsen, 2015). However, according to Larsen 
(2015), an unexpectedly high frequency of osteoporosis in a sample or a subset of a 
sample can indicate that these individuals were not able to access adequate nutrition to 
maintain bone density during their lifetimes. 
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Non-specific Indicators of Stress 
Non-specific indicators of stress include oral and skeletal lesions, such as 
periosteal reactions, that are associated with physiological stress but not known to be 
caused by a specific disease (Powers, 2008). The distribution of these lesions throughout 
a skeletal sample can indicate differences in the levels of stress experienced by subgroups 
within the sample (DeWitte and Bekvalac, 2011). 
Cribra Orbitalia and Porotic Hyperostosis 
Two skeletal lesions characterized by increased surface porosity are named 
according to their location. Cribra orbitalia (CO) is increased porosity in the eye orbits, 
while porotic hyperostosis (PH) is increased porosity on the cranial vault (Ortner, 2003; 
Larsen, 2015). These lesions have been associated with acquired anemia for several 
decades in bioarchaeology and are now generally interpreted as evidence of nutritional 
deficiencies during life, such as Vitamin C deficiency, iron deficiency anemia, and 
Vitamin B12 deficiency (Larsen, 2015). These lesions can be associated with overall 
health as well as constituting evidence of lack of access to nutritional resources. If the 
frequency of lesions attributable to metabolic disorders is higher in part of a sample, for 
instance, it could indicate that that part of the sample did not have access to adequate 
resources (Larsen, 2015). For example, Buzon (2006) found that subadults from Tombos, 
a New Kingdom, Nubian (1550-1050 BC) site in Sudan, consisting of individuals known 
to belong to a low status community, had higher instances of CO than temporally 
concurrent Nubian and Egyptian samples, which consisted of individuals who were of 
members of higher status communities during their lives.   
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Linear Enamel Hypoplasia 
A LEH is a type of lesion characterized by areas of thinner enamel on teeth 
(Larsen, 2015). The lesions occur most frequently on incisors and canines (DeWitte and 
Bekvalac, 2011), and typically consist of one or more linear defects across the tooth 
crown (Larsen, 2015). LEH is caused by periods of extreme physiological stress during 
tooth development, such as disease or extreme malnutrition, which can cause enamel 
production to greatly reduce or stop. Production returns to normal when the stress 
response concludes, leaving an area of reduced enamel thickness. Permanent teeth form 
during childhood and therefore preserve evidence of growth disruption into adulthood 
(Goodman et al., 1980; Larsen, 2015). The relationship between physiological stress and 
enamel production has been demonstrated in modern populations, as well as past 
populations, with individuals of lower status and greater physiological stress showing 
greater frequencies of LEH (Larsen, 2015). For instance, DeWitte and Bekvalac (2011) 
found that individuals from a medieval London cemetery with oral pathologies, including 
LEH, had a greater risk of death than those who did not.   
Periosteal Reactions 
Periosteal reactions are accepted as indicators of general chronic stress (Ortner, 
2003; Larsen, 2015). A periosteal reaction is a vascular reaction in bone, where extra 
bone is added underneath the periosteum, usually appearing as a raised porous area of 
bone (Ortner, 2003; Larsen, 2015). Periosteal reactions can represent general response to 
an infection, a symptom of a specific disease, trauma, or early manifestations of 
osteomyelitis, among other causes (Ortner, 2003; Larsen, 2015). The occurrence of 
periosteal reactions has frequently been used as a proxy for overall health and 
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experiences of stress in past populations, because there is evidence from archaeological 
contexts that rates of periosteal reactions increase as rates of physiological stress increase 
(Ortner, 2003; Larsen, 2015). This is likely because chronic stress suppresses the immune 
system leading to an increased risk of inflammation and a greater likelihood of a 
periosteal reaction (Adler and Snibbe, 2003; Sapolsky, 2004; Larsen, 2015). Periosteal 
reactions are the most commonly used indication of chronic stress and low relative health 
in adults (Larsen, 2015). For instance, at Cahokia, a highly stratified society, 
approximately a quarter of middle-status individuals had periosteal reactions, while very 
few high-status individuals had them (Larsen, 2015).   
Stature 
Terminal adult stature is closely related to nutrition and environmental quality, 
because growth is sensitive to interruption. Growth arrest happens during periods of 
physiological stress, including from infectious diseases and malnutrition (Temple, 2008). 
During adolescence, individuals may undergo catch-up growth to correct for earlier 
growth stunting if physiological stress is reduced, but those individuals are unlikely to 
reach their full genetic potential for stature (Larsen, 2015). These individuals are 
considered to have a stunted height. This is not the same as an individual being short. 
Every population should have a height distribution that graphs as a normally distributed 
bell curve (Sheridan, 2002). The lowest end of the distribution is where individuals 
whose growth was stunted would be, but some of those individuals could also be 
genetically short without being stunted (Larsen, 2015). There is no medically defined cut 
off for reduced stature due to grow stunting vs short individuals due to genetic variation 
for adults (WHO, 2009). 
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Long bone lengths, especially that of the femur, are highly correlated with stature 
and can be used in lieu of stature estimations. For this reason, maximum femur lengths 
are often used when comparing the stature of many skeletons within a population 
(DeWitte and Wood, 2008; DeWitte and Hughes-Morey, 2012; DeWitte and Slavin, 
2013). For instance, DeWitte and Hughes-Morey (2012) found that individuals with a 
femur length more than one standard deviation shorter than average for the population, in 
this case a medieval London cemetery, had an increased risk of mortality during the 
Black Death epidemic.   
Bronze Age Jordan 
In the Levant, the Early Bronze Age is divided into EBA I, II, III, and IV. EBAI 
lasted from approximately 3600 BC to 3000BC, with several recent studies suggesting 
earlier dates (Levy, 2016). There is evidence from other contemporary archaeological 
sites throughout Jordan, such as Tell es-Safi and Numeira, for increasing levels of social 
inequality during the Early Bronze Age (EBA) (MacDonald et al., 2001). The EBAI was 
a time of significant intensification of subsistence practices, which created the conditions 
necessary for inequality to develop (MacDonald et al., 2001; Flannery and Marcus, 
2012). Some of these developments may have emerged due to well established contact 
with dynastic Egypt (Stager, 1985; Joffe, 1991; Richard, 2013; Levy, 2013).  
Archaeologically, this social structure is evidenced by architecture (MacDonald et 
al., 2001). Many Early Bronze Age sites in the Levant show evidence of intensive 
irrigation, both through extensive canal systems and increased salt levels in soils near the 
canals. Many also have large public buildings. Some were temples and tombs, while 
others were clearly not used for living, storage, production, or religious purposes 
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(MacDonald et al., 2001). This suggests that they had some other function, which 
archaeologists suspect was administrative due to seals being found during excavation 
(MacDonald et al., 2001). In a trend that pre-dates the Early Bronze Age, some sites also 
have walls around the settlement area, which indicates a high enough level of social 
organization and cooperation within the group to build large scale architecture 
(MacDonald et al., 2001; Richard, 2013). In contrast, there is no archaeological evidence 
of an administrative elite at EBAI Bab edh-Dhra (MacDonald et al., 2001). There are not 
structures at Bab edh-Dhra that have architecture different from established residential 
architecture, as would be expected from a settlement with an administrative elite, until 
much later (MacDonald et al., 2001; Chesson, 2003). Bab edh-Dhra follows the 
rectangular tradition of domestic architecture, one of several traditions that are common 
in the Southern Levant (Richard, 2013). There are also not yet fortification walls at Bab 
edh-Dhra, which would also be expected based on other sites in the Levant, although the 
major sites in the EBA Southern Levant show considerable variety (MacDonald et al., 
2001).  
Agriculture in Bronze Age Jordan 
The Chalcolithic (ca. 4500-3600 BC), the period immediately preceding the Early 
Bronze Age, was characterized by small settlements located on the banks of wadis, 
seasonal river beds, leading into the Jordan Valley, including one near the later Bab edh-
Dhra cemetery (Bourke, 2001; Ortner and Frohlich, 2008; McCreery, 2011).  
The Early Bronze Age was a time of increasing use of agriculture (Philip, 2001). 
This included extensive cultivation using ox-drawn plows and increasing use of 
irrigation. In addition to this, metal tools and pack animals became more widely 
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available. Social stratification seems to have increased throughout the Bronze Age 
leading to the highly stratified, urban city-states, such as Arad, of the EBA II and III 
(Joffe, 1991; Philip, 2001; Richard, 2013).  
Pastoralism in Bronze Age Jordan 
Due to highly seasonal rainfall, the Jordan Valley was highly dependent on 
livestock for subsistence (Philip, 2001). Because of this, there seem to have been many 
mobile herding groups using the landscape, both in cooperation with and independent of 
agricultural settlements. These pastoralist groups may have developed out of the 
drastically increasing demand for animal products from sedentary groups, due to 
environmental change. These kinds of groups are well documented contemporaneously in 
Palestine with similar evidence to that of pastoralism appearing in the EBA in the Jordan 
Valley (Philip, 2001). Due to the lack of archaeological data about pastoralists, from the 
dearth of permanent settlements, little is known about the social structure of pastoralists 
(Wengrow, 2009). Despite this, recent research confirms that previous assumptions that 
pastoralists lack social inequality are false. In fact, pastoralists in Northern Dynastic 
Egypt are suspected to have had a complex socials structure (Wengrow, 2009).  
Bab edh-Dhra 
Bab edh-Dhra is located in the Jordan Valley, near the Dead Sea. While the 
modern environment is arid and harsh, it has not always been so (Gasperetti and 
Sheridan, 2013). During the EBAI Bad edh-Dhra had a constant water supply from Wadi-
Kerak. Cooling temperatures coupled with increased rain during the EBA meant that Bab 
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edh-Dhra had access to vast tracts of arable land, as well as plentiful wildlife for hunting, 
which has rarely been typical of the region (Gasperetti and Sheridan, 2013). 
During the EBAIA period at Bab edh Dhra, the burials of which are the focus of 
this study, there is no evidence of a clearly associated settlement or town (Ortner and 
Frohlich, 2008; MacDonald et al., 2001). Archaeological evidence suggests temporary or 
seasonal settlements in the area, but they are not clearly linked to the cemetery or any of 
Bab edh-Dhra’s later satellite sites like Numeira. For this reason, little is known about the 
EBAI Bab edh-Dhra community besides their mortuary practices. Botanical analysis for 
individuals from the site consists of McCreery’s (2003) pollen analysis and several grape 
seeds and peach pits that were found in the tombs during excavation. McCreery’s (2003) 
analysis was only able to determine the presence of plants that are already known to be 
endemic to the area. This means that it is not possible to determine the diet or subsistence 
methods of the individuals from the Bab edh-Dhra cemetery using currently available 
information (McCreery, 2003; Ullinger et al., 2015). Many areas, especially in the 
lowlands, show increased grape and olive production to provide wine and olive oil to 
Egypt (Stager, 1989; Joffe, 1991). Unfortunately, Bab edh-Dhra is the only extensively 
excavated EBAI cemetery in Jordan, so results of analysis from individuals in the 
cemetery also cannot be compared to any others from the same area and time 
(MacDonald et al., 2001). By the Early Bronze Age II, the site developed into a large 
town with an extensive associated cemetery (Sheridan et al., 2014). 
Tombs 
The EBAIA tombs are all shaft tombs, with chambers radiating off of the central, 
circular shaft (Ortner and Frohlich, 2008). The shafts were typically one to three meters 
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deep and one meter in diameter. The chambers were typically about two meters in 
diameter and one meter tall. A few tomb chambers seem to have accidently broken 
through the walls of chambers from other tombs during construction. This appears to 
have happened rarely enough that the shafts were likely marked in some manner, but any 
markers that once existed are no longer present.  
 
Figure 2.1 Tomb Layout 
This figure shows the general layout that is followed by the tombs. 
 
Geophysical surveys of the EBAIA cemetery estimate that there are 
approximately 2,856 shaft tombs in the cemetery, containing an estimated 56,000 burials. 
Only 23 of these tombs have been excavated, meaning that the site has the potential for 
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future excavation and discovery, even though many of the tombs were looted in antiquity 
(Ortner and Frohlich, 2008).  
The tombs likely represent multi-generational family tombs. This conclusion is 
based on the dental analysis in Bentley’s (1987) doctoral thesis. In this analysis, she 
found a greater homogeneity of dental traits in individuals within the same tombs and a 
greater heterogeneity between individuals in different tombs. While statistics were not 
possible due to small sample sizes, Bentley found that rare dental traits clustered by tomb 
chamber, with no differences based on sex. These results also suggest that the group 
using the Bab edh-Dhra tombs was endogamous rather than exogamous (Bentley 1987). 
The burials in the tombs are mostly secondary which caused extensive 
commingling and this study’s analysis unit of family tomb. Some of the burials were 
moved to the secondary location before decomposition was complete (Ortner and 
Frohlich, 2008). Secondary burial is a practice frequently associated with pastoralism due 
to pastoralists frequently moving with their herds Individuals were typically placed in a 
pile with skulls lined up nearby, but some long bones were still in anatomical position in 
relation to each other. Based on the bones found in the tombs, the transportation and 
reburial of remains to their secondary location prioritized the crania and long bones, as 
many of the smaller bones are missing, even in otherwise well-preserved burials. The 
location and condition of primary burial is unknown. The shaft tombs were the only types 
of burial used during the EBAIA. Their use tapered off during EBAIB, ending by the 
EBAII (Ortner and Frohlich, 2008). After this, mortuary practices changed drastically, 
occasionally including the use of charnel houses (Ortner and Frohlich, 2008). Gregoricka 
and Sheridan (2017) suggest that this may be due to changes in social structure with 
 
27 
differences in burial practices reflecting a difference in power or social status. This idea 
would support there being little to no social inequality during EBAI Bab edh-Dhra. 
While the shaft tombs are all the same basic type and construction, no two tombs 
are the same (Ortner and Frohlich, 2008). The number and directionality of the chambers 
varies, as do the number of individuals in each tomb. The level of preservation also varies 
between the tombs (Ortner and Frohlich, 2008). 
Among all the tombs, 259 adult skeletons were excavated. When data for this 
study were collected, the skeletal collection had recently been moved to a new facility 
and had not yet been inventoried. Nine skeletons were not present with the rest of the 
collection, leaving 250 skeletons available for study. 
Tomb A078 
Tomb A078 was excavated in 1977 (Ortner and Frohlich, 2008). The tomb had 
four chambers radiating from the main shaft. The human remains in the chambers were 
relatively poorly preserved due to silting, likely from water, and some collapse of the 
chamber ceilings (Ortner and Frohlich, 2008). There were 11 adults excavated from the 
tomb, but two were missing from the collection and not available for study. 
Tomb A079 
Tomb A079 was also excavated in 1977 (Ortner and Frohlich, 2008). This tomb 
had four chambers. The chambers experienced significant silting which coincided with 
poor preservation of the human osteological remains. Ortner and Frohlich (2008) note 
that the heavy silting was detrimental to recovery efforts; specifically, field notes indicate 
that there were five or six crania in the western chamber but only three are present in the 
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collection. There were 19 adults in the tomb. Three of the adults were missing from the 
collection and not included in this analysis. 
Tomb A080 
Like the previous two tombs, tomb A080 was excavated in 1977 and consisted of 
four chambers (Ortner and Frohlich, 2008). The four chambers experienced varying 
amounts of silting, with some experiencing very little silting, while others experienced 
significant silting. Part of the tomb wall of the western chamber intersects with the 
southern chamber of A100. The wall was repaired with stones from within tomb A100, 
indicating that the intersection happened during the construction of A100. The 
osteological remains in the tomb are relatively well preserved (Ortner and Frohlich, 
2008). There were 15 adults in the tomb. One of these adults was missing and not 
available for study. 
Tomb A086 
Tomb A086 was excavated in 1977 and consisted of three chambers (Ortner and 
Frohlich, 2008). The southwestern chamber featured a small antechamber, between the 
chamber and shaft, which is unusual. Several of the chambers experienced heavy silting, 
but the osteological remains were relatively well preserved. According to Ortner and 
Frohlich (2008), some of the osteological remains from the tomb were lost during 
transportation. There were 10 adults in this tomb, all of which were available for study.  
Tomb A087 
Tomb A087 was excavated in 1977 and only consisted of one chamber (Ortner 
and Frohlich, 2008). The chamber was heavily silted, which was detrimental to the 
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preservation and recovery of the osteological remains. The remains were heavily 
fragmented. There were three individual adults in this tomb, all of which were available 
for study.  
Tomb A088 
Tomb A088 was also excavated in 1977 (Ortner and Frohlich, 2008). The 
chamber and shaft were heavily silted. Their outlines were poorly defined, which made 
excavation and recovery difficult. The remains were highly fragmented, and many 
showed insect bore holes (Ortner and Frohlich, 2008). There were 11 adults in this tomb, 
all of which were available for study.  
Tomb A089 
Tomb A089 was excavated in 1977 and consisted of three chambers (Ortner and 
Frohlich, 2008). The chambers were also heavily silted, leading to difficulty recovering 
osteological remains. The osteological remains from this tomb are highly fragmented 
with many missing elements (Ortner and Frohlich, 2008). There were 15 adults in the 
tomb, all of which were available for study.  
Tomb A091 
Tomb A091 was excavated in 1977 and is a single chamber (Ortner and Frohlich, 
2008). There was little silting in the tomb, and, while some parts of the ceiling had fallen 
into the tomb, it had not completely collapsed. While many elements of the osteological 
remains were missing, those that were present were relatively well preserved (Ortner and 




Tomb A092 was a single chambered tomb excavated in 1977 (Ortner and 
Frohlich, 2008). This tomb is possibly part of tomb A091 because there was an entryway 
to A092 from the shaft of A091 that was never completed in antiquity. The tombs are 
treated as separate tombs because the actual entrance to A092 was unrelated to A091. 
Tomb A092 experienced little silting but a significant portion of the chamber ceiling had 
fallen. The preservation of the osteological remains was poor (Ortner and Frohlich, 
2008). There were three adults in this tomb and all were available for study.  
Tomb A100 
Tomb A100 was excavated in 1977 and consists of four chambers. The northern 
chamber was cleared of the EBAIA contents in antiquity and reused for primary burials 
during the EBAIB (Ortner and Frohlich, 2008). The wall of the southern chamber 
intersected with the wall of the western chamber from tomb A080. The chambers 
experienced little silting or ceiling fall and the osteological remains were well preserved 
(Ortner and Frohlich, 2008). There were 23 adults in this tomb and one adult was missing 
and not observed.  
Tomb A101 
Tomb A101 was a four-chambered tomb that was excavated in 1977 (Ortner and 
Frohlich, 2008). There was little silting in the chambers, but there was significant ceiling 
collapse. This led to highly fragmented and poorly preserved osteological remains 
(Ortner and Frohlich, 2008). There were eight adults in this tomb, all of which were 




Tomb A102 was excavated in 1977 and 1979 (Ortner and Frohlich, 2008). The 
tomb consisted of four chambers that were almost completely filled in with ceiling fall 
and silt. Despite this, the osteological remains were well preserved (Ortner and Frohlich, 
2008). There were 16 adults in the tomb, and one adult was missing and not observed.  
Tomb A103 
Tomb A103 was excavated in 1979 and consisted of four chambers radiating off 
the central shaft (Ortner and Frohlich, 2008). The osteological remains were in poor 
condition due to ceiling fall and silting (Ortner and Frohlich, 2008). There were three 
adults in this tomb, all of which were available for observation.  
Tomb A105 
Tomb A105 was excavated in 1979 (Ortner and Frohlich, 2008). The tomb had 
four chambers and a central shaft. All of the chambers experienced some ceiling fall and 
silting. The osteological remains were in relatively poor condition (Ortner and Frohlich, 
2008). There were 18 adults in this tomb, all of which were available for observation.  
Tomb A106 
Tomb A106 was a single chamber tomb that was excavated in 1979 (Ortner and 
Frohlich, 2008). Large portions of the ceiling and chamber walls had collapsed. In 
addition, the tomb experienced heavy silting which led to poor preservation of 
osteological remains (Ortner and Frohlich, 2008). There were five adults in this tomb, all 




Tomb A107 was a four-chambered tomb excavated in 1979 (Ortner and Frohlich, 
2008). The chambers experienced heavy silting. Despite this, the osteological remains 
were relatively well preserved, with some remains being very well preserved. There were 
28 adults in this tomb, all of which were available for observation.  
Tomb A108 
Tomb A108 was excavated in 1979 (Ortner and Frohlich, 2008). The tomb had 
five chambers with a central shaft. All five chambers experienced heavy silting, which 
made recovery of the osteological material difficult. The osteological material from this 
tomb is fragmentary (Ortner and Frohlich, 2008). There were 25 adults in this tomb, all of 
which were available for observation.  
Tomb A109 
Tomb A109 was excavated in 1979 (Ortner and Frohlich, 2008). The tomb 
consisted of three chambers and a central shaft. Like in tomb A086, the eastern chamber 
has an antechamber between it and the central shaft. Preservation in this tomb tended to 
be poor, possibly due to the heavy silt accumulation in the chamber (Ortner and Frohlich, 
2008). There were seven adults in this tomb, all of which were available for observation.  
Tomb A110 
Tomb A110 was excavated in 1981 and had three chambers (Ortner and Frohlich, 
2008). There was little to no silting in this tomb. The osteological remains are well 
preserved. Some of the remains from the northeastern and southeastern chamber were 
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still in anatomical position, but were from secondary burials (Ortner and Frohlich, 2008). 
There were eight adults in this tomb, all of which were available for observation.  
Tomb A111 
Tomb A111 was excavated in 1981 (Ortner and Frohlich, 2008). There were four 
chambers, one of which did not contain any remains. The used chambers did not 
experience any silting or ceiling fall. The elements of the osteological material that were 
present were well preserved, but many elements were missing. Like tomb A110, several 
adults were in anatomical position with nearly all elements present but are also likely 
secondary burials, due to misplacement of several long bones (Ortner and Frohlich, 
2008). There were 11 adults in this tomb, all of which were available for observation.  
Tomb A114 
Tomb A114 was a single chamber tomb excavated in 1981 (Ortner and Frohlich, 
2008). There was no silting or ceiling fall. The osteological remains are well preserved, 
and several individuals have nearly all elements present (Ortner and Frohlich, 2008). 
There were three adults in this tomb, all of which were available for observation. 
Tomb A120 
Tomb A120 was excavated in 1977 and is a single chamber tomb (Ortner and 
Frohlich, 2008). The tomb is possibly associated with tomb A121. The shaft to the two 
tombs was poorly defined and may have been two shafts that intersected each other. 
There was considerable silting and ceiling fall that detrimentally impacted the 
preservation and recovery of osteological remains (Ortner and Frohlich, 2008). There 




Tomb A121 was excavated in 1977 (Ortner and Frohlich, 2008). It is a single 
chamber tomb that is possibly related to tomb A120, but the relationship is unclear. There 
was little silting in the tomb. Some osteological remains from this tomb are well 
preserved and some are not (Ortner and Frohlich, 2008). There were six adults in the 
tomb, all of whom were available for observation.  
Artifacts 
The counts of different artifacts found in the tombs were published by Ortner and 
Frohlich (2008). The most common artifacts are pots, consisting of both fine ware and 
plain ware pots, differentiated based on finishing techniques and temper grain size. 
Several tomb chambers contained single pieces of shell jewelry while two chambers 
contained over 60 beads each (Ortner and Frohlich, 2008). The other major artifact type 
is a bowl made from basalt, and ceramic imitations of the basalt bowls. Some of the tomb 
chambers also contain ceramic figurines, wooden objects, and bone objects (Ortner and 
Frohlich, 2008). Variations in the number and types of artifacts in each tomb chamber 
may provide evidence for status differences among families in the sample. Schaub (2008) 
has proposed that if some tombs contain a larger or different suite of grave goods than 
other tombs, it would indicate a difference between those groups of individuals, that 
might be related to status. Additionally, if the presence or absence of a type of artifact in 
a tomb correlates to a high or low frequency of pathologies in that tomb, then those 




The EBAIA pottery was all produced by hand, using coils that were then 
smoothed out (Ortner and Frohlich, 2008). Fine ware pots were defined as those with thin 
walls and more detailed finishing techniques, such as trimming excess clay, burnishing, 
or the application of slip. The plain ware pots have thicker, less regular walls. All the pots 
are sand tempered, with fine ware pots tempered using a finer sand than the plain ware 
pots (Ortner and Frohlich, 2008). The sands used for both types of pottery were local 
sand (Beynon et al., 1986). The pottery was also separated into different forms, such as 
bowls, jugs, and juglets, based on shape and volume (Ortner and Frohlich, 2008). Any 
decoration on the pottery is typically simple incised or punctate decoration (Ortner and 
Frohlich, 2008). 
Basalt Bowls/Ceramic Imitations 
The basalt bowls are made of dark green and black stone (Ortner and Frohlich, 
2008). Some tombs, instead of having a basalt bowl, contained a ceramic bowl decorated 
to look like the basalt bowls. There is no association between the number of individuals 
in a tomb or the sex of those individuals and the presence or absence of the bowls (Ortner 
and Frohlich, 2008). Schaub (2008) considers the basalt bowls to be prestige items, which 
may be associated with the status of the decedents in the tombs. This is because they are 
rare in comparison to fine ware and plain ware pots, most likely due to the amount of 
labor required to craft the basalt bowls, and because of the presence of ceramic imitations 
(Ortner and Frohlich, 2008). Joffe (1991) also suggests that the basalt bowls and ceramic 
imitations may show a shift from the Chalcolithic (basalt bowls) to the Early Bronze Age 




The mace heads from the tombs are made from a variety of types of stone, such as 
alabaster, limestone, and chalkstone (Ortner and Frohlich, 2008). They are spherical 
pieces of stone with a hole drilled through the middle, generally in the piriform Egyptian 
style (Joffe, 1991). The hole was drilled from each end, sometimes producing a curved 
hole (Schaub, 2008). It has been suggested that the mace heads were never hafted, due to 
the curved holes, and were instead symbolic gifts (Ortner and Frohlich, 2008). Schaub 
(2008) has speculated that the presence of stone mace heads may indicate an individual of 
high status in that tomb chamber, due to their connection to Egypt (Joffe 1991; Richard 
2013). Absence would therefore indicate lower status.  
Other Artifact Types 
In several tombs, there were groups of anthropomorphic figurines made from 
unfired clay (Schaub, 2008). These figurines likely had symbolic meaning, but it is 
impossible to know what meaning they had. Some tombs also contained pieces of 
jewelry. These were typically carnelian, talc, or bone beads. There were also a few shell 
bracelets. The tombs also contained some organic artifacts, including wooden bowls, a 






The primary research question for this study is: is there evidence of social 
inequality in the osteological remains from the EBAIA tombs at Bab edh-Dhra? To 
facilitate answering this question, it has been divided into three sub-questions. First, 
aggregated by tomb, do the individuals in some tombs exhibit a higher frequency of 
metabolic disorders and skeletal evidence of nutritional deficiency than others? Second, 
do some individuals in some tombs exhibit a higher frequency of skeletal stress indicators 
than others? Finally, are associations present between the type of mortuary artifacts from 
the tombs and skeletal stress indicators or metabolic disorders in individuals from the 
tombs? I have formulated five hypotheses to test in an effort to address these questions. 
For reasons discussed in the previous chapter, this study relies on two 
assumptions being true. First, that the tombs are family tombs. Second, it assumes that 
status is ascribed by family. The research questions and hypotheses reflect these 
assumptions.  
Hypothesis 1A  
Hypothesis 1A is that there will be a significant difference in the frequency of 
skeletal evidence of metabolic disorders between tombs. This hypothesis addresses the 
first sub-research question by examining evidence of CO, PH, osteoporosis, and general 
nutritional deficiency. This will be tested using a Pearson’s chi-square goodness of fit 
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test. The null hypothesis for this test is that the observed frequency distribution will be 
the same as the theoretically expected frequency distribution. Metabolic disorders are 
frequently caused by nutritional deficiency (Larsen, 2015). A high level of, or unequal 
level of, metabolic disorders could indicate unequal access to food resources. The 
resulting average frequency will be compared to available data from other sites to provide 
greater context.   
Hypothesis 1B 
Hypothesis 1B is that there will be a significant difference in frequency of growth 
stunted individuals between tombs. This hypothesis addresses the first sub-question 
because extreme growth stunting is commonly caused by severe nutritional deficiency. 
This study uses femur length as a proxy for height (DeWitte and Hughes-Morey, 2012). 
The hypothesis will be tested using a Pearson’s chi-square goodness of fit test. The null 
hypothesis for this test is that the observed frequency distribution will be the same as the 
theoretically expected frequency distribution. These data will be compared to available 
data from other sites for greater context. 
Hypothesis 2A 
Hypothesis 2A is that there will be a significant difference in the frequency of 
periosteal reactions between tombs. This hypothesis addresses the second sub-research 
question. Periosteal reactions increase with increased levels of physiological stress 
(Larsen, 2015). The hypothesis will be tested using the frequency of periosteal reactions 
in each tomb and a Pearson’s chi-square goodness of fit test. The null hypothesis for this 
test is that the observed frequency distribution will be the same as the theoretically 
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expected frequency distribution. The resulting average frequency will be compared to 
available data from other sites for greater context. 
Hypothesis 2B 
Hypothesis 2B is that there will be a significant difference in the frequency of 
LEH for each tomb. This hypothesis will use the frequency of enamel hypoplasias to 
address both the first and second sub-research questions. The hypothesis will be tested 
using a Pearson’s chi-square goodness of fit test. The null hypothesis for this test is that 
the observed frequency distribution will be the same as the theoretically expected 
frequency distribution. As discussed in the previous chapter, LEH can be caused by both 
severe malnutrition and extreme physiological stress. Due to the multiple etiologies of 
LEH, this hypothesis on its own cannot answer any of the research questions, but it can 
be used to add extra support to the evidence provided by other hypotheses. The resulting 
average frequency will be compared to available data from other sites to provide greater 
context. 
Hypothesis 3 
Hypothesis 3 is that there will be an association between the types of mortuary 
artifacts in a tomb and the frequency of skeletal indicators of physiological stress. This 
hypothesis will be tested using previously published artifact data (Ortner and Frohlich, 
2008) and the frequency data from the previous hypotheses. Testing this hypothesis 
should show any associations or disassociations between types of grave goods and 
physiological stress, nutritional deficiency, or metabolic disorders. The hypothesis will be 
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tested using a Pearson’s chi-square test for independence. The null hypothesis is that the 




MATERIALS AND METHODS 
Materials 
 The Bab edh-Dhra tombs were excavated in 1977, 1979, and 1981 by Walter E. 
Rast, R. Thomas Schaub, and Donald Ortner (Ortner and Frohlich, 2008). The 
osteological material was preserved and later inventoried and analyzed. Previous 
researchers have studied diet, biodistance, mortuary practice, and activity patterns in the 
sample (Bentley, 1987, 1991; Harlan, 2003; McCreery, 2003; Ortner and Frohlich, 2008; 
Gasperetti and Sheridan, 2013; Sheridan et al., 2014; Ullinger et al., 2015). Ortner also 
conducted a basic pathological and skeletal analysis of the sample (Ortner and Frohlich, 
2008). The collection is currently curated in the Smithsonian’s National Museum of 
Natural History skeletal collection.  
 The excavated portion of the EBAIA cemetery consists of 23 multi-chambered 
shaft tombs (Ortner and Frohlich, 2008). The tombs contained a total of 533 individuals 
ranging from fetuses to elderly adults. The chambers contained both primary and 
secondary, commingled interments. The tombs were multiuse and likely reused 
throughout the EBAIA as family tombs. Most of the commingled remains were 
individualized during the osteological inventory, but the grave goods in the tomb 
chambers cannot be associated with any specific person (Ortner and Frohlich, 2008), 
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hence they cannot be used as indicators of individual status. Therefore, the analysis of 
social status presented here has been performed at the level of the tomb. 
 The number of individualized adults for each tomb is the minimum number of 
individuals for that tomb. Schaub’s (2008) analysis of the grave goods found that the 
number of artifacts in each tomb is highly correlated with the number of individualized 
skeletons from that tomb. 
Methods 
Data Collection 
 The osteological data were collected from January 23rd to the 30th, 2017 at the 
Smithsonian’s Museum Support Center. There were 250 individualized adult skeletons 
available for study in the collection. I collected the data following the recording standards 
established in the Human osteology methods statement (Powers, 2008), which was 
created by the Centre for Human Bioarchaeology (CBH) at the Museum of London. This 
recording manual is designed to enable rapid, accurate, and systematic osteological and 
paleopathological data collection. When necessary, diagnostic criteria from the 
Identification of Pathological Conditions in Human Skeletal Remains were used as a 
supplement for identifying pathological lesions in the skeleton and identifying their 
possible etiology (Ortner, 2003). Following Powers (2008), skeletal pathologies were 
coded with a numerical prefix indicating the general disease category, with subsequent 
codes for more specific diagnoses when possible (Powers, 2008). Data on age at death, 
sex, preservation, and pathology were collected for all of the adult individuals in the 
sample and recorded. I used the previously established age and sex data as recorded on 
each individual’s identification card and the Smithsonian’s inventory for the collection. 
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The adult category was classified as 16 years of age at death and older; data were not 
collected on those younger than this, due to time constraints and especially poor 
preservation of subadult remains 16 years old at death was used as the cut off for adults, 
because that was what had been used in the original inventory. Artifact counts for each 
tomb were used, as published in Ortner and Frohlich (2008). The pathologies that were 
recorded and the methods that were used to do so are discussed below. 
Metabolic Disorders 
Metabolic disorders were identified based on macroscopic assessment of the 
skeletal material. Their presence was recorded if increased porosity and/or reduced bone 
density was present. Presence was coded with the prefix 5 (Powers, 2008). Following 
Powers (2008), general metabolic disorder was categorized as osteoporosis. CO and/ or 
PH was recorded using the prefix 10. Location and severity were also recorded. Powers 
(2008) codes CO and PH with a prefix 10 for blood conditions, even though they are not 
necessarily caused by anemias (Walker et al., 2009; Oxenham and Cavill, 2010). They 
were scored this way for consistency, but they were counted as evidence of a metabolic 
disorder for the purposes of the analysis. Absence of a pathological condition was scored 
with a 0. Instances where the presence or absence of a condition could not be determined 
due to missing elements were coded with a 9. These data were collected for 249 
individuals out of 250. One individual consisted only of a partial cranium.  
Non-specific Indicators of Skeletal Stress and Infection (Periosteal reactions) 
Non-specific indicators, in this case periosteal reactions, were recorded rather 
than attempting specific differential diagnoses of pathologies (Powers, 2008). Periosteal 
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reactions were coded with a prefix of 21 when present (Powers, 2008). Absence of 
periosteal reaction was recorded as a 0. Data were recorded for 249 individuals out of 
250.  
Linear Enamel Hypoplasia 
LEH was coded individually for a single tooth using two digits (Powers, 2008). 
Only the mandibular canines were scored because these teeth develop over a long period 
of time and are more sensitive to growth disruption than are other teeth (Goodman et al., 
1980; Larsen, 2015). The first digit represents the location on the tooth: either the cusp, 
middle, or lower crown. Severity was recorded—as the second digit—for the most (not 
least) severe defect on the tooth. Severity was recorded as just discernable (1), a clear 
groove that can be felt with a fingernail (2), or a gross defect with exposed dentin (3) 
(Powers, 2008). Teeth that were unobservable were scored as a 9. On observable canines, 
absence of LEH was recorded as a 0. Canines were observable for 45 individuals out of 
the total 250 individuals.  
Maximum Femur Length 
The maximum femur length for adults was measured as the maximum distance 
between the femoral head and the distal condyles (Powers, 2008). For analysis, femur 
lengths were separated by sex to account for sexual dimorphism. There were 38 





After data collection, the hypotheses were each tested individually using the 
methods described below. All statistics were run using Microsoft Excel and SPSS 
Statistics 24. 
Hypothesis 1A 
Hypothesis 1A was that there would be a significant difference in the frequency 
of skeletal evidence of metabolic disorders between tombs. To test this hypothesis, the 
frequency of metabolic disorders was calculated for each tomb by adding the number of 
individuals who show a skeletal indicator of a metabolic disorder (any individual with a 
pathology coded with the prefix 5 or 10) and dividing that number by the total number of 
observable individuals in the tomb. The observed number of adults with these indicators 
for each tomb was compared to the expected number of adults with these indicators if 
they were evenly distributed, using Pearson’s chi-square goodness of fit test with an α-
value of 0.05. The theoretically expected values for each tomb were calculated by 
multiplying the number of adults in each tomb by the mean frequency of metabolic 
disorders. The mean frequency of metabolic disorders was calculated by adding the 
frequencies for each tomb and dividing the resulting number by the number of tombs (23 
tombs).  
Hypothesis 1B 
Hypothesis 1B was that there would be a significant difference in the frequencies 
of growth stunted individuals between tombs. Maximum adult femur length was 
substituted for stature estimations because all comparisons were within a population and 
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therefore between individuals who were likely to be genetically related. The individuals 
were separated by sex to account for sexual dimorphism. Individuals who could not be 
sexed (i.e. individuals who were scored as ambiguous) were excluded from analysis. 
Only whole femurs and femurs that could be refitted into a whole femur were measured. 
Standard methods, as used and tested by DeWitte and Hughes-Morey (2012), classify 
individuals who are more than one standard deviations below the mean as stunted to 
account for genetic variation. To account to the close genetic relationship of the 
individuals at Bab edh-Dhra, individuals whose femur measurements were two standard 
deviations or more below the mean were classed stunted. There are no femurs in the Bab 
edh-Dhra collection that are two standard deviations below the mean (no extremely 
stunted individuals), so one standard deviation was used instead for the analysis. This 
allowed a test to be performed on the data with the understanding that the explanatory 
power of the results would be greatly reduced. The frequency of stunted individuals in 
each tomb was calculated by dividing the number of individuals with femurs classified as 
stunted by the total number of individuals with femurs in each tomb. The observed 
number of adults with these indicators for each tomb was compared to the expected 
number of adults with these indicators if they were evenly distributed, using Pearson’s 
chi-square goodness of fit test with an α-value of 0.05. The expected values for each 
tomb were calculated by multiplying the number of adults in each tomb by the mean 





Hypothesis 2A was that there would be a significant difference in the frequency 
of periosteal reactions between the tombs. This hypothesis was tested by calculating the 
frequencies using the same method as hypothesis 1A, but using the individuals coded 
with a prefix 2. The observed number of adults with these indicators for each tomb was 
compared to the expected number of adults with these indicators if they were evenly 
distributed, using Pearson’s chi-square goodness of fit test with an α-value of 0.05. The 
expected values for each tomb were calculated by multiplying the number of adults in 
each tomb by the mean frequency of periosteal reactions.  
Hypothesis 2B 
Hypothesis 2B was that there would be a significant difference in the frequencies 
of LEH for each tomb. Most dentition in the Bab edh-Dhra collection is not attributable 
to an individual. Because of this, frequency was calculated by taking the mandibular 
canines from each tomb with LEH and dividing that by the total number of observable 
mandibular canines for each tomb. When a left and right canine could be paired together, 
only the left canine was included in the frequency calculation, following DeWitte and 
Bekvalac (2011) and Yaussy et al. (2016). The observed number of adults with these 
indicators for each tomb was compared to the expected number of adults with these 
indicators if they were evenly distributed, using Pearson’s chi-square goodness of fit test 
with an α-value of 0.05. The expected values for each tomb were calculated by 




Hypothesis 3 was that there would be an association between the types of 
mortuary artifacts in a tomb and the frequency of skeletal indicators of physiological 
stress for each tomb. This hypothesis was tested using Pearson’s chi-square test of 
independence with an α-value of 0.05 and Fisher’s Exact test with an α-value of 0.05. 
The same skeletal indicator frequencies used in the previous hypotheses were used with 
each indicator being tested against the artifacts individually. These were compared to the 
presence or absence of each artifact type. Due to cell count requirements for chi-square 
tests, the frequency of growth stunted individuals and presence of figurines were 
excluded from analysis. The pot types were combined to increase cell counts. The basalt 
bowls and ceramic imitations were tested individually and then also as a combined group 






 Table 5.1 shows the frequency of metabolic disorder indicators in each tomb. 
Table 5.2 shows the result of the Pearson’s chi-square test. There are 23 tombs with 
skeletal remains. The mean frequency of indicators associated with metabolic disorders is 
30%. The chi-square statistic was 29.1796 and the p-value was 0.1398. This means that 
the null hypothesis, that the observed frequency distribution will be the same as the 
theoretical expected frequency distribution, cannot be rejected. There is not a statistically 
significant difference between the observed distribution of frequencies and the theoretical 
expected distribution. 
Table 5.1 The Frequency of Metabolic Disorder Indicators by Tomb.  
Tomb Adults with 
Indicators 









A078 1 9 11.1 2.7398 
A079 5 16 31.3 4.8707 
A080 5 14 35.7 4.2619 
A086 4 10 40.0 3.0442 
A087 0 3 0 0.9132 
A088 1 11 9.0 3.3486 
A089 1 15 6.7 4.5663 
A091 1 6 16.7 1.8265 
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Table 5.1 (Continued). 
A092 0 3 0 0.9132 
A100 7 20 35 6.0884 
A101 0 8 0 2.4353 
A102 6 15 40 4.5663 
A103 1 3 33.3 0.9132 
A105 7 18 38.9 5.4796 
A106 1 5 20.0 1.5221 
A107 14 28 50 8.5238 
A108 4 25 16 7.6105 
A109 2 7 28.6 2.1309 
A110 6 8 75 2.4353 
A111 6 11 54.5 3.3486 
A114 3 3 100 0.9132 
A120 1 4 25 1.2176 
A121 2 6 33.3 1.8265 
 
Table 5.2 The Results of the Chi-Square Test for the Frequency of Metabolic 
Disorder Indicators.  
Mean 30% 
X2 29.1796 




 Table 5.7 shows the frequency of growth stunted individuals (one standard 
deviation below the mean) for each tomb. Table 5.8 shows the results of the chi-square 
test. There are 11 tombs with measurable femurs. The mean frequency of growth stunted 
individuals was 16%. The frequencies were categorized as high or low based on whether 
they were above or below the mean. The chi-square statistic was 8.6456 and the p-value 
was 0.4706. The null hypothesis, that the observed frequency distribution will be the 
same as the theoretical expected frequency distribution, cannot be rejected. This means 
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that there is not a statistically significant difference between the observed distribution of 
frequencies and the expected distribution.  
Table 5.3 The Frequency of Growth Stunted Individuals by Tomb. 
Tombs Adults with 
Growth 
Stunting 






A078 0 1 0 0.1583 
A079 0 1 0 0.1583 
A080 0 3 0 0.475 
A086 0 2 0 0.3167 
A100 0 5 0 0.7917 
A102 1 1 100 0.1583 
A107 1 3 16.6 0.475 
A108 0 1 0 0.1583 
A110 2 8 25 1.2667 
A111 0 7 0 1.1083 
 








 Table 5.3 shows the frequency of periosteal reactions in each tomb. Table 5.4 
shows the result of the Pearson’s chi-square test. There are 23 tombs with skeletal 
remains. The mean frequency for these tombs is 15%. The chi-square statistic was 
29.3985 and the p-value 0.1338. This means that the null hypothesis, that the observed 
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frequency distribution will be the same as the theoretical expected frequency distribution, 
cannot be rejected. There is not a statistically significant difference between the observed 
distribution of frequencies and the expected distribution. 
Table 5.5 The Frequency of Periosteal Reactions by Tomb. 
Tombs Adults with 
Periosteal 
Reactions 






A078 0 9 0 1.3827 
A079 1 16 6.3 2.4581 
A080 3 14 21.4 2.1508 
A086 4 10 40 1.5363 
A087 1 3 33.3 0.4609 
A088 0 11 0 1.6899 
A089 2 15 13.3 2.3045 
A091 1 6 16.6 0.9218 
A092 0 3 0 0.4609 
A100 4 20 20 3.0727 
A101 0 8 0 1.2291 
A102 4 15 26.7 2.3045 
A103 0 3 0 0.4609 
A105 1 18 5.6 2.7652 
A106 0 5 0 0.7682 
A107 3 28 10.7 4.3017 
A108 2 25 8 3.8408 
A109 1 7 14.3 1.0754 
A110 2 8 25 1.2291 
A111 5 11 45.5 1.6899 
A114 2 3 66.7 0.4609 
A120 0 4 0 0.6145 













 Table 5.5 shows the frequency of LEH for each tomb. Table 5.6 shows the results 
of the Pearson’s chi-square goodness of fit test. There are 15 tombs with dental remains. 
The mean frequency of LEH for these tombs is 89%. The frequencies were categorized as 
high or low based on if they were above or below the mean frequency. The chi-square 
statistic was 1.01 and the p-value was 0.9999. This means that the null hypothesis, that 
the observed frequency distribution will be the same as the theoretical expected 
frequency distribution, cannot be rejected. There is not a statistically significant 
difference between the observed distribution of frequencies and the expected distribution. 
Table 5.7 The Frequency of Mandibular Linear Enamel Hypoplasias by Tomb. 
Tombs Adults with 
LEH 




A078 2 2 100 0.0292 
A079 1 1 100 0.0146 
A080 5 5 100 0.0731 
A088 1 2 50 0.3365 
A100 3 4 75 0.0836 
A101 1 1 100 0.0146 
A102 7 8 87.5 0.0011 
A105 2 3 66.7 0.1630 
A107 3 4 75 0.0836 
A108 2 2 100 0.0293 
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Table 5.7 (Continued). 
A109 1 1 100 0.0146 
A110 3 4 75 0.0836 
A111 3 3 100 0.0439 
A114 2 2 100 0.0293 
A121 1 1 100 0.0146 
 









 Table 5.9 shows the results for the chi-square tests of independence and Fisher’s 
Exact tests for the frequency of pathologies and the presence or absence of artifact types. 
High or low frequencies (above or below the mean) of LEH, metabolic disorders, and 
periosteal reactions were each compared individually to the presence or absence of 
pottery, basalt bowls, ceramic imitations, basalt bowls and ceramic imitations combined 
as one group, mace heads, and jewelry. Tombs A087 and A088 were excluded from this 
analysis due to lack of published artifact data. Tombs A086, A089, A091, A092, A103, 
A106 and A120 were excluded from the LEH analysis due to lack of dental remains. 
None of the Fisher’s Exact tests had statistically significant results. Of the 18 chi-square 
tests, only one has a p-value below 0.05: periosteal reactions and basalt bowls/ceramic 
imitations. The p-value this test is 0.049. When the basalt bowls and ceramic imitation 
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bowls are compared to frequencies of pathologies individually, there are no significant p-
values. The positive result maybe a false positive due to the number of tests run. This 
means that the null hypothesis of independence between the variables, cannot be rejected. 
This indicates that the types of artifacts in each tomb are independent from the frequency 
of different pathologies.  
Table 5.9 The Results of the Artifact Chi-Square and Fisher’s Exact Tests 
 X2 Statistic X2 p-value Fisher’s Exact Statistic 
Pots x LEH 0.598 0.439 1.0 
Pots x Periosteal 
Reactions 
0.646 0.421 1.0 
Pots x Metabolic 
Disorders 
1.4 0.237 .429 
Basalt/Ceramic Bowls 
x LEH 
0.933 0.334 0.580 
Basalt/Ceramic Bowls 
x Periosteal Reactions 
3.88 0.049 0.397 
Basalt/Ceramic Bowls 
x Metabolic Disorders 
1.037 0.309 0.660 
Mace Heads x LEH 0.837 0.360 0.580 
Mace Heads x 
Periosteal Reactions 
0.269 0.608 1.0 
Mace Heads x 
Metabolic Disorders 
1.037 0.309 0.396 
Jewelry x LEH 0.498 0.480 0.580 
Jewelry x Periosteal 
Reactions 
2.524 0.112 0.337 
Jewelry x Metabolic 
Disorders 
0.875 0.350 0.397 
Basalt Bowls x LEH 0.933 0.334 0.580 
Basalt Bowls x 
Periosteal Reactions 
2.036 0.1536 0.203 
Basalt Bowls x 
Metabolic Disorders 
0.583 0.445 0.660 
Ceramic Bowls x LEH 1.938 0.164 0.357 
Ceramic Bowls x 
Periosteal Reactions 
3.592 0.058 0.133 
Ceramic Bowls x 
Metabolic Disorders 




DISCUSSION AND CONCLUSIONS 
Discussion 
The results of this study indicate that there were no statistically significant 
indicators of social inequality in the skeletal data from the EBAI community at Bab edh-
Dhra.  
Hypothesis 1A 
The results from the testing of hypothesis 1A suggest that there were not 
differential nutritional outcomes between tombs and therefore between families. This 
means that families at Bab edh-Dhra had similar access (or lack of access) to nutritionally 
adequate food. The entire population seems to have experienced equal levels of 
malnutrition with an average frequency of 30%. There is not comparative data available 
from the region or time period for metabolic disorders. Since there is no indication of 
differentiation between tombs in regard to malnutrition, the results from testing this 
hypothesis seem to support there not being social inequality at Bab edh-Dhra at least 
from what is evident through skeletal evidence of nutritional status. 
Hypothesis 1B 
The lack of growth stunting, as demonstrated by testing hypothesis 1B, supports 
that there were not differences in levels of severe malnutrition, exposure to 
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environmental stressors, and disease during growth and development within the sample. 
Some subadults showed a significant difference in age when estimated by long bone 
length than when estimated by dental development (Ortner and Frohlich, 2008). Despite 
this, no one tomb showed more significant growth stunting, using femur length as a proxy 
for stature, than other tombs.  This means that there was not one portion of the Bab edh-
Dhra sample that experienced greater physiological stress leading to growth stunting in 
comparison to the rest of the sample.  
Sheridan (2002) preformed an analysis of statue among the osteological remains 
from the Qumran cemetery, across the Dead Sea from Bab edh-Dhra. She found that the 
stature of those individuals was well within the expected range in comparison to stature 
estimation from other sites in the region. Her stature estimations used the Trotter and 
Gleser (Trotter, 1970) stature estimation formulas. The stature range for males at Qumran 
was 159-177cm. and 152-163cm. for females (Sheridan, 2002). Using the same formulas, 
as published in White and Folkens (2005), the estimated stature for the average male 
femur length was 164cm. and 154cm. for females. Stature estimations were not 
calculated for each femur from the Bab edh-Dhra sample to create a stature range because 
many of the femurs were refit in order to be measurable, which leads to less accurate 
estimations. The stature estimations for average femur length from the Bab edh-Dhra are 
well within the ranges seen at other sites around the Dead Sea. This indicates that the 
differences in femur length at Bab edh-Dhra are likely due to genetic variation and not 
growth stunting from physiological stress. In addition to there not being any femurs with 
an extremely stunted length, more than two standard deviations below the mean, stature 





The results from the testing of hypothesis 2A indicates that the tombs and 
therefore families at Bab edh-Dhra experienced a similar load of physiological stress and 
infection. The testing of the hypothesis revealed that there is not a difference in the 
frequency of periosteal reactions between the tombs. This shows that the families at Bab 
edh-Dhra experienced similar levels of physiological stress and infection. This supports 
the idea that there was little to no social inequality at Bab edh-Dhra because of the well 
documented trend that people of lower social status experience higher levels of 
physiological stress and infection (Adler and Snibbe, 2003), leading to a greater 
frequency of periosteal reactions (Larsen, 2015). This trend does not appear to have been 
operating at Bab edh-Dhra.  
The mean frequency of periosteal reaction for the Bab edh-Dhra sample was 15%. 
This is high in comparison to Neolithic and Natufian sites across the Levant. Eshed et al. 
(2010) analyzed instances of inflammatory conditions, including periosteal reactions, to 
compare the frequency between the Natufian (10,500-8300 BC) and Neolithic (8300-
6300 BC) periods. The Natufian period sites had a frequency of 1% while the Neolithic 
periods had a frequency of 4.6% (Eshed et al., 2010). While both these periods predate 
Bab edh-Dhra, these data cover the same geographic region. The frequency of periosteal 
reactions at Bab edh-Dhra is much higher (15%), indicating that the people there 




Results from testing hypothesis 2B indicate that the EBAI people at Bab edh-Dhra 
experienced similar levels of stressors leading to growth interruption between the tombs 
and therefore families. Testing of the hypothesis revealed that there is not a difference in 
the frequency of LEH between tombs. This means that families at Bab edh-Dhra 
experienced equally high levels of physiological stress or nutritional deficiency, leading 
to growth interruption. These results suggest that there was not social inequality leading 
to differences in physiological stress in the EBA I community.  
In comparison to contemporaneous sites in Northern Egypt, specifically Naqada 
(4000-3200 BC) and Tarkhan (3100-2686 BC), Bad edh-Dhra has an extremely high 
frequency of LEH. Starling and Stock (2007) collected and analyzed LEH data for 
multiple Northern Egyptian sites. Their analysis included all teeth and their resulting 
frequencies were 33.3% for Naqada and 42.6% for Tarkhan (Starling and Stock, 2007). 
In contrast, the Bab edh-Dhra LEH analysis was limited to mandibular canines and the 
mean frequency for the tombs was 89%. This indicates that nearly all individuals in the 
Bab edh-Dhra sample were experiencing physiological stress leading to growth 
interruption impacting tooth development. This is unusual in comparison to other sites, 
from a similar time period, where less than half of individuals experienced this type of 
growth interruption.  
Hypothesis 3 
The results from testing hypothesis 3 suggest that individuals with a higher stress 
load were not buried with different artifacts than those with a higher stress load. If there 
was social inequality at Bab edh-Dhra during the EBAI, it was not represented through 
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mortuary artifacts or evident in osteological remains. This means that everyone was 
buried with similar suites of grave goods regardless of experiences of physiological 
stress.  
The results are not surprising given what little is known about the people living at 
Bab edh-Dhra. Schaub’s (2003, 2008) mortuary pattern analyses suggest that the 
individuals in the Bab edh-Dhra collection were buried using similar methods and grave 
goods, in similarly constructed tombs. Regardless of subsistence method, either 
agricultural or pastoralist, the lack of differentiation between tombs in metabolic 
disorders or nutritional deficiency suggests that individuals in the Bab edh-Dhra 
collection likely ate the same foods, with similar nutritional adequacy.   
The results suggest that—based on the skeletal indicators of stress on adult 
skeletons and the artifacts within the tombs—a significant level of social inequality 
cannot be detected amongst the skeletal samples representing the EBAI people at Bab 
edh-Dhra. But the results cannot conclusively show that there was no social inequality 
present in the represented community; absence of evidence is not evidence of absence.  
Sources of Error 
There are many reasons why indicators of social inequality may not appear in this 
study. Whatever social equality may or may not have existed at Bab edh-Dhra may not 
have been severe enough to have had a significant impact on the skeleton. Physiological 
stress has to be severe and prolonged for it to impact the skeleton (Larsen, 2015). Slight 
differences in physiological stress will not manifest as documentable differences in 
skeletal indicators of stress because the physiological reaction will not be strong enough 
(Larsen, 2015; Sapolsky, 2004). The human body prioritizes growth over many other 
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functions (White and Folkens, 2005; Larsen, 2015). This means that a difference in 
growth interruptions (LEH or maximum femur length in this study) is an indication of a 
large difference in physiological stress.  
It may also be that the cemetery sample is not representative of the population. 
The cultural group using the Bab edh-Dhra cemetery may not have buried all of their 
people in the same location. Cemeteries can be segregated by status and only a small 
sample of the Bab edh-Dhra cemetery has been excavated (Ortner and Frohlich, 2008; 
Buikstra and Scott, 2009). Individuals of a different status could be buried in a different, 
unexcavated, section of the cemetery, or a different cemetery altogether.  
Assumptions 
This study also heavily relies on two basic assumptions. First, that the tombs are 
family tombs, and second, that status would be ascribed by family. This study assumes 
that these are both true statements because they were true for many cultures while 
developing early instances of social inequality. (Flannery and Marcus, 2012; Kelly and 
Thomas, 2010). While ascribed status frequently transfers through generations by family 
lineage, it does not always do so (Flannery and Marcus, 2012). There is some possibility, 
however unlikely, that it did not so do at Bab edh-Dhra. If this assumption is wrong, this 
study would not show social inequality because the study was designed to compare 
families. Also, while Bentley (1987) used the best methods available when she wrote her 
dissertation, some more recent researchers have questioned the validity of determining 
genetic relatedness using dental data (Chesson, 2003). This means that the analysis 
suggesting that the tombs are family tombs may be based on faulty methods leading to 
erroneous conclusions. In addition to this, individuals comprising the excavated Bab edh-
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Dhra sample are so closely genetically related, it may not be possible to determine family 
relatedness though dental data. This means that the tombs may not contain 
multigenerational families. If the tombs are not family tombs then this study is set up 
incorrectly to find evidence supporting social inequality (Bentley, 1987; Ortner and 
Frohlich, 2008).   
Preservation Bias 
 First, there is differential preservation of osteological remains between tombs. 
Some tombs, such as A079, contain highly fragmented remains, while others, like A101, 
contain nearly complete individuals. This means that the data for some tombs are much 
more complete than what can be collected for others. For the tombs where remains were 
highly fragmented, data could only be recorded for the bones that were present and 
identifiable. This means that individuals from those tombs could have had more 
indicators of physiological stress than was observable because the related skeletal 
elements did not preserve. If preservation were better, there could have been more femurs 
to measure, more teeth to examine for LEH, or more bones with periosteal reactions and 
evidence of metabolic disorders. Conversely, differences in preservation also mean that 
there could have been more individuals in the tombs who either did not preserve or did 
not preserve well enough to be individualized from the commingled remains, changing 
the MNI of the tomb. Each of these situations would change the frequency calculations, 
meaning that the existing data could be heavily biased due to preservation. Differences in 
preservation are primarily due to environmental effects after burial. There is no evidence 
of a link between the preservation of a tomb and social status. Therefore, there is no 
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reason to think that differential preservation influenced the results beyond a reduced 
explanatory due to lack of data.  
Sample Size 
The small sample size from the site may also have affected the statistical tests by 
making Type II errors, a failure to reject a false null hypothesis, more likely. This is 
because the default is that the null hypothesis is true until proven false. A larger sample 
size provides more evidence to draw conclusions about the null hypothesis. Some of the 
frequency calculations may be less meaningful because some tombs contained few 
individuals. A frequency of 100% for a tomb that contained one individual is much less 
meaningful than a frequency of 100% for a tomb with five individuals. This means that 
some of the frequencies, especially those from tombs containing very few individuals, 
likely do not accurately reflect a physiological stress load that can be generalized to apply 
to a larger sample.  
Also, chi-square tests also heavily rely on sample size. For many of the tests, the 
minimum count for the cells was barely met. Low cell counts can cause less meaningful 
hypothesis test results, because there are fewer data to analyze. Unfortunately, the only 
way to fix these issues is to collect more data, which was not possible for this study, 
because to do so would require further excavation. 
Conclusion 
This study’s primary research question, is there evidence of social inequality in 
the osteological remains from the EBA IA tombs at Bab edh-Dhra, was addressed using 
five hypotheses to answer three sub-research questions. This study’s first sub-research 
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question was: aggregated by tomb, do the individuals in some tombs exhibit a higher 
frequency of metabolic disorders and skeletal evidence of nutritional deficiency? 
Hypotheses 1A and 1B, all addressed this question by using evidence of metabolic 
disorders, LEH, and stature, using femur length as a proxy. Testing the data found that 
there were no statistically significant differences in the frequency of physiological stress 
between tombs. The second sub-research question was: do some individuals in some 
tombs exhibit a higher frequency of skeletal stress indicators than others? This question 
was addressed by hypotheses 2A and 2B, using evidence of LEH and periosteal reactions. 
Testing of the hypotheses revealed that there were no statistically significant differences 
in frequency between tombs. The third, and final, sub-research question was: are 
associations present between the type of mortuary artifacts from a given tomb and 
skeletal stress indicators or metabolic disorders in individuals from the tomb? Hypothesis 
3 addressed this question using previously published (Ortner and Frohlich, 2008) artifact 
counts and the frequencies calculated for the previous questions. Testing of the data 
found no statistically significant association. All three of these sub-research questions 
attempted to answer the study’s primary research question: is there evidence of social 
inequality represented in the osteological remains from the EBA IA tombs at Bab edh-
Dhra? After separating this question into smaller questions, more specific questions and 
testing various hypotheses to answer these questions, this study found no statistically 
significant evidence of social inequality in the osteological remains at Bab edh-Dhra. 
This study suggests that there was no statistically significant evidence of social inequality 
at Bab edh-Dhra during the EBAIA. The lack of difference in skeletal health between 
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tombs indicates that the people of Bab edh-Dhra had similar access to nutritionally 
adequate food and experienced similar levels of physiological stress.  
Further research could shed more light on the social structure of Bab edh-Dhra. 
Although destructive, radiogenic and stable isotopic analysis could give indications of 
differences in diet and residential history. Specifically, strontium analysis indicates where 
individuals spent their developmental years. Therefore, a group of individuals who spent 
their developmental years in the area immediately around Bab edh-Dhra would show a 
different strontium signature than a group of people who followed herds around a larger 
geographical area. Carbon and nitrogen analysis could indicate if people in the sample ate 
different foods. If groups of people at Bab edh-Dhra ate different foods, it could indicate 
differential access to resources. Sourcing the stone from the mace heads through 
chemical analysis could also indicate other places that pastoralists would travel to or 
receive item from, through trade. If the stone is from a distant place, the stone would 
have had to be transported to Bab edh-Dhra somehow, and it may be more likely that a 
pastoralist group would be able to transport stone. A similar analysis to this study, 
focused on subadults, could give more information about pathologies that indicate stress, 
because the skeleton is more sensitive to stress during development. 
This further research would provide more data to create a more nuanced 
interpretation of the social structure at Bab edh-Dhra. Previous research has looked at the 
subsistence methods and drawn simplistic assumptions about the social structure from 
assumptions about subsistence methods. Further diet analysis could provide more data 
about subsistence methods as current information is inconclusive. While subsistence 
methods do not have a direct correlation to social structure and social inequality, there are 
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common trends relating them. Bab edh-Dhra has the potential to continue changing 
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Table A.1 Individualized Biological Profile 






1977 A078 NW 1  x 8 5 1 
1977 A078 NW 2  x 11 3 1 
1977 A078 NW 3  x 8 5 1 
1977 A078 NW 50  missing x x x 
1977 A078 S 50 390115 x 8 1 3 
1977 A078 SW 2  x 11 1 2 
1977 A078 SW 50 390119 x 8 2 3 
1977 A078 SW 51  missing x x x 
1977 A078 SW 52 390121 x 9 1 2 
1977 A078 SW 1 Cranium 390127 x 10 4 3 
1977 A078 SW na 390118 x 8 4 3 
1977 A079 E 1 390128 x 6 5 2 
1977 A079 E 2 390129 x 11 2 3 
1977 A079 N 2 390142 x 11 1 3 
1977 A079 N 50  missing x x x 
1977 A079 N 51 390144 x 6 4 3 
1977 A079 N 52 390145 x 6 2 3 
1977 A079 N A-?  x 11 1 3 
1977 A079 N 
unattrib 
cranial frags 
x 11 4 3 x 
1977 A079 N 1 390141 x 9 4 3 
1977 A079 S 1 390158 x 7 5 3 
1977 A079 S 2 390159 x 10 1 3 
1977 A079 S 50  missing x x x 
1977 A079 S 51 390162 x 6 5 3 
1977 A079 S 54 390165 x 11 4 3 
1977 A079 S 0  x 11 1 3 
1977 A079 W 2 390166 x 7 4 2 
1977 A079 W 4  x 11 4 3 
1977 A079 W 5 390168 x 11 4 3 
1977 A079 W 50  missing x x x 
1977 A080 E 1 390175 x 7 5 2 
1977 A080 E 2 390176 x 8 1 2 
1977 A080 E 50 390177 x 8 1 3 
1977 A080 N 30  x 11 3 3 
1977 A080 N 32  x 11 3 3 
 
77 
Table A.1 (Continued). 
1977 A080 N 50 390178 x 10 2 3 
1977 A080 N 51 390179 x 8 2 2 
1977 A080 S 4 390193 x 9 1 2 
1977 A080 S 60  missing x x x 
1977 A080 S 3(50) 390196 x 8 5 3 
1977 A080 W 1 390181 x 8 1 2 
1977 A080 W 3 390182 x 10 1 2 
1977 A080 W 54 390187 x 7 4 3 
1977 A080 W 1a  x 9 4 3 
1977 A080 W 1d  x 6 3 3 
1977 A086 NE 1 390198 x 7 5 3 
1977 A086 NE 2 390199 x 10 1 3 
1977 A086 SE 1 390200 x 11 5 3 
1977 A086 SE 2 390201 x 9 1 3 
1977 A086 SE 50 390202 x 11 2 3 
1977 A086 SW 2 390203 x 7 1 2 
1977 A086 SW 3 390204 x 10 1 2 
1977 A086 SW 50 390205 x 9 5 3 
1977 A086 SW 53 390208 x 11 2 3 
1977 A086 SW 51 (cranium 1) 390206 x 11 5 3 
1977 A087 SE 1 390210 x 11 1 2 
1977 A087 SE 50 390212 x 6 2 3 
1977 A087 SE 52 390214 x 7 2 3 
1977 A088 n/d 1  x 10 5 3 
1977 A088 n/d 52  x 11 1 3 
1977 A088 n/d 53  x 11 5 3 
1977 A088 n/d 54  x 11 5 3 
1977 A088 n/d 55  x 11 1 3 
1977 A088 n/d 56  x 11 5 3 
1977 A088 n/d 57  x 11 5 3 
1977 A088 n/d 2(a)  x 11 5 3 
1977 A088 n/d cranium A  x 11 4 3 
1977 A088 n/d cranium B  x 11 3 3 
1977 A088 n/d 
cranium D 
(possibly B-3) 
 11 5 3 x 
1977 A089 n/d 32 390217 x 11 4 3 
1977 A089 n/d 33 390218 x 11 4 3 
1977 A089 n/d 52 390221 x 11 1 3 
1977 A089 NE 50 390222 x 11 5 3 




Table A.1 (Continued). 
1977 A089 NW 51 390228 x 11 5 3 
1977 A089 NW 52 390229 x 7 1 3 
1977 A089 NW 53 390230 x 8 1 3 
1997 A089 SE 50  x 7 1 3 
1977 A089 SE 51 390233 x 7 5 3 
1977 A089 SE 52 390234 x 11 1 3 
1977 A089 SE 53 390235 x 11 1 3 
1977 A089 SE 54 390236 x 11 1 3 
1977 A089 SE 59 390241 x 11 1 3 
1977 A089 SE 60 390242 x 11 5 3 
1977 A091 n/d 1  x 11 4 3 
1977 A091 n/d 61  x 7 5 3 
1977 A091 n/d 62  x 7 3 3 
1977 A091 n/d 66  x 11 1 3 
1977 A091 n/d 1b  x 11 3 3 
1977 A091 n/d 71/72  x 11 3 2 
1977 A092 n/d 63  x 7 1 3 
1977 A092 n/d 64  x 11 5 3 
1977 A092 n/d 65  x 7 1 3 
1977 A100 E 1 390263 x 10 1 2 
1977 A100 E 2 390264 x 10 5 2 
1977 A100 E 3 390265 x 8 1 2 
1977 A100 E 4 390266 x 11 1 3 
1977 A100 E 7  x 10 1 3 
1977 A100 E 50 390268 x 7 1 3 
1977 A100 E 51 390269 x 7 1 2 
1977 A100 E 56 390273 x 7 5 2 
1977 A100 E 73  x 7 1 2 
1977 A100 E 74 390285 x 11 1 2 
1977 A100 E 75  missing x x x 
1977 A100 E Unnumbered  7 5 2 x 




1  x 11  1 
1977 A100 S 2 390288 x 10 1 2 
1977 A100 S 3 390289 x 7 5 2 
1977 A100 S 4 390290 x 8 5 2 
1977 A100 S 63  x 6 2 3 
1977 A100 S 65  x 11 1 3 




Table A.1 (Continued).  
1977 A100 W 2 390299 x 8 5 2 
1977 A100 W 3 390300 x 7 1 2 
1977 A100 W 65  x 11 2 3 
1977 A101 E 50 390317 x 9 5 3 
1977 A101 E 51 390309 x 11 1 3 
1977 A101 E 1a (50?)  x 11 4 3 
1977 A101 E 1b  x 11 2 3 
1977 A101 N 50 390318 x 7 5 3 
1977 A101 N 51 390319 x 11 1 3 
1977 A101 S 50 390310 x 11 1 3 
1977 A101 S 51 390311 x 11 5 3 
1979 A102 E 3.1 390323 x 8 1 2 
1979 A102 E 3.2 390324 x 8 1 3 
1979 A102 E 3.3  x 6 5 2 
1979 A102 E 5 390326 x 9 1 2 
1979 A102 E 52 390329 missing x x x 
1979 A102 E 61 390334 x 9 5 3 
1979 A102 NE 2 390336 x 8 5 2 
1979 A102 NE 3 390337 x 9 1 3 
1979 A102 NE 61 390339 x 11 5 3 
1979 A102 S 51 390348 x 8 2 2 
1979 A102 S 50(3) 390359 x 9 5 3 
1979 A102 S 52(2) 390360 x 8 2 2 
1979 A102 W 1a 390373 x 11 1 3 
1979 A102 W 1b(60) 390374 x 6 1 3 
1979 A102 W 1c 390375 x 11 1 3 
1979 A102 W 1d 390376 x 7 5 3 
1979 A103 S 1 390377 x 7 1 3 
1979 A103 S 50 390378 x 11 5 3 
1979 A103 S 51 390379 x 11 5 3 
1979 A105 NE 1 390381 x 8 1 3 
1979 A105 NE 2 390382 x 8 5 3 
1979 A105 NE 3 390383 x 9 5 3 
1979 A105 NE 69 390392 x 7 1 3 
1979 A105 NE 72 390393 x 11 5 3 
1979 A105 NE 73 390394 x 9 5 3 
1979 A105 NE 85 390400 x 7 1 3 
1979 A105 NE 87 390402 x 8 5 3 
1979 A105 NE 90 390405 x 11 1 3 
1979 A105 NW 2 390408 x 7 1 2 
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Table A.1 (Continued).  
1979 A105 NW 3 390409 x 8 5 3 
1979 A105 NW 69 390421 x 11 5 3 
1979 A105 NW 74 390422 x 7 5 3 
1979 A105 NW 75 390423 x 11 1 3 
1979 A105 SE 2(60) 390433 x 9 5 3 
1979 A105 SE 3(61) 390436 x 7 1 2 
1979 A105 SW 1(62) 390438 x 9 5 3 
1979 A105 SW 2(60) 390439 x 8 1 2 
1979 A106 S 1 390440 x 11 5 3 
1979 A106 S 2 390441 x 11 5 3 
1979 A106 S 66 390448 x 11 1 2 
1979 A106 S 67 390449 x 7 1 3 
1979 A106 S 68 390450 x 8 1 3 
1979 A107 E 5 390454 x 8 1 2 
1979 A107 E 80 390461 x 9 4 3 
1979 A107 E 81 390462 x 9 1 3 
1979 A107 E 82 390463 x 11 1 3 
1979 A107 E 83 390464 x 11 5 3 
1979 A107 E 84 390465 x 11 1 3 
1979 A107 E 85 390466 x 8 5 3 
1979 A107 E 86 390467 x 11 5 3 
1979 A107 E 87 390468 x 11 5 3 
1979 A107 E 89 390469 x 7 1 3 
1979 A107 N 50 390473 x 11 2 3 
1979 A107 N 1(60) 390474 x 9 5 3 
1979 A107 N 2a 390475 x 7 1 2 
1979 A107 N 2b(61) 390476 x 9 5 3 
1079 A107 N 3(62) 390477 x 9 5 3 
1979 A107 S 2 390479 x 8 5 2 
1979 A107 S 3 390480 x 8 1 2 
1979 A107 S 4 390481 x 6 5 2 
1979 A107 S 5 390482 x 8 5 2 
1979 A107 S 6 390483 x 8 1 2 
1979 A107 W 1 390485 x 8 5 3 
1979 A107 W 2 390486 x 8 1 1 
1979 A107 W 3 390487 x 8 5 2 
1979 A107 W 4 390488 x 10 2 3 
1979 A107 W 5 390489 x 7 5 2 
1979 A107 W 6  x 11 2 2 
1979 A107 W 61 390493 x 6 1 3 
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Table A.1 (Continued). 
1979 A107 W 7a  x 11 2 3 
1979 A108 N 50 390495 x 8 5 3 
1979 A108 N 51 390496 x 9 5 3 
1979 A108 N 52 390497 x 9 1 3 
1979 A108 N 53 390498 x 7 1 2 
1979 A108 NE 2 390510 x 8 5 3 
1979 A108 NE 6 390511 x 9 5 3 
1979 A108 NE 4cran(3 390520 x 9 1 3 
1979 A108 NE 5cran(4 390521 x 11 1 2 
1979 A108 NE 5p/cran  x 11 5 3 
1979 A108 NW 1 390524 x 11 5 3 
1979 A108 NW 3 390526 x 8 5 2 
1979 A108 NW 55 390532 x 8 1 3 
1979 A108 NW 56 390533 x 11 5 3 
1979 A108 NW 57 390534 x 11 3 3 
1979 A108 NW 58 390535 x 11 5 3 
1979 A108 SE 1 390536 x 8 1 2 
1979 A108 SE 2 390537 x 8 5 3 
1979 A108 SE 53 390541 x 8 2 3 
1979 A108 SW 1  x 7 4 2 
1979 A108 SW 2  x 8 2 2 
1979 A108 SW 3  x 8 1 3 
1979 A108 SW 50 390542 x 8 5 3 
1979 A108 SW 51 390543 x 8 5 3 
1979 A108 SW 52 390544 x 8 1 3 
1979 A108 SW 53 390545 x 11 4 3 
1979 A109 E 50 390550 x 11 2 3 
1979 A109 E 51 390551 x 11 5 3 
1979 A109 E 56 390556 x 11 5 3 
1979 A109 N 2 390558 x 8 5 3 
1979 A109 N 3 390559 x 8 5 2 
1979 A109 S 50 390563 x 11 4 3 
1979 A109 S 51 390564 x 11 4 3 
1981 A110 NE 3 390569 x 8 5 1 
1981 A110 NE 4 390570 x 7 1 1 
1981 A110 NW 1 390571 x 8 2 1 
1981 A110 NW 5 390575 x 8 1 1 
1981 A110 SE 1 390577 x 8 1 2 
1981 A110 SE 2 390578 x 7 5 2 
1981 A110 SE 3 390579 x 8 5 1 
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Table A.1 (Continued). 
1981 A110 SE 5 390581 x 7 1 1 
1981 A111 E 2 390588 x 8 5 2 
1981 A111 E 3 390589 x 9 1 1 
1981 A111 N 3 390592 x 8 5 2 
1981 A111 N 4 390593 x 9 1 2 
1981 A111 N 5 390594 x 11 5 3 
1981 A111 N 58 390600 x 9 1 3 
1981 A111 W 1 390604 x 8 5 2 
1981 A111 W 3 390606 x 9 5 2 
1981 A111 W 4 390607 x 7 1 2 
1981 A111 W 5 390608 x 9 1 2 
1981 A111 W 3a 390610 x 11 5 2 
1981 A114 N 1 390611 x 8 5 2 
1981 A114 N 2 390612 x 9 5 2 
1981 A114 N 6 390616 x 7 1 2 
1977 A120 S 1 390618 x 9 5 3 
1977 A120 S 2 390619 x 11 5 3 
1977 A120 S 3 390620 x 7 5 3 
1977 A120 S 50 390621 x 9 1 3 
1977 A120 S 52  missing x x x 
1977 A121 N 50 390624 x 7 5 3 
1977 A121 N 51 390625 x 8 1 2 
1977 A121 N 52 390626 x 11 1 3 
1977 A121 N 53 390627 x 11 1 3 
1977 A121 N 54 390628 x 8 5 3 
1977 A121 N 55 390629 x 11 1 3 
Age Codes- 6:12-17 years, 7:18-25 years, 8:26-35 years, 9:36-45 years, 10:>46 years, 11: 
unclassified adult, 12: unclassified subadult. Sex Codes- 1: male, 2: male?, 3: 
intermediate, 4: female?, 5: female. Preservation Codes- 1: good condition, 2: moderate 
condition, 3: poor condition (Powers, 2012) 
Table A.2 Linear Enamel Hypoplasia Data 









A078 NW 1 9 9 9 9 9 
A078 NW 2 9 9 9 9 9 
A078 NW 3 1 3.2 9 9 9 
A078 NW 50 x x x x x 
A078 S 50 9 9 9 9 9 
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Table A.2 (Continued). 
A078 SW 2 9 9 9 9 9 
A078 SW 50 9 9 9 9 9 
A078 SW 51 x x x x x 
A078 SW 52 9 9 9 9 9 
A078 SW 1 Cranium 9 9 9 9 9 
A078 SW Na 9 9 9 9 9 
A079 E 1 9 9 9 9 9 
A079 E 2 9 9 9 9 9 
A079 N 2 9 9 9 9 9 
A079 N 50 x x x x x 
A079 N 51 9 9 9 9 9 
A079 N 52 9 9 9 9 9 




9 9 9 9 9 
A079 N 1 9 9 9 9 9 
A079 S 1 9 9 9 9 9 
A079 S 2 9 9 9 9 9 
A079 S 50 x x x x x 
A079 S 51 9 9 9 9 9 
A079 S 54 9 9 9 9 9 
A079 S 0 9 9 9 9 9 
A079 W 2 9 9 9 9 9 
A079 W 4 9 9 9 9 9 
A079 W 5 9 9 9 9 9 
A079 W 50 x x x x x 
A080 E 1 1 2.1 9 2.1 0 
A080 E 2 9 9 9 9 9 
A080 E 50 9 9 9 9 9 
A080 N 30 1 3.1 3.1 9 9 
A080 N 32 9 9 9 9 9 
A080 N 50 9 9 9 9 9 
A080 N 51 1 9 3.2 9 9 
A080 S 4 9 9 9 9 9 
A080 S 60 x x x x x 
A080 S 3(50) 9 9 9 9 9 
A080 W 1 9 9 9 9 9 
A080 W 3 9 9 9 9 9 
A080 W 54 9 9 9 9 9 




Table A.2 (Continued). 
A080 W 1d 9 9 9 9 9 
A086 NE 1 9 9 9 9 9 
A086 NE 2 9 9 9 9 9 
A086 SE 1 9 9 9 9 9 
A086 SE 2 9 9 9 9 9 
A086 SE 50 9 9 9 9 9 
A086 SW 2 9 9 9 9 9 
A086 SW 3 9 9 9 9 9 
A086 SW 50 9 9 9 9 9 




9 9 9 9 9 
A087 SE 1 9 9 9 9 9 
A087 SE 50 9 9 9 9 9 
A087 SE 52 9 9 9 9 9 
A088 n/d 1 9 9 9 9 9 
A088 n/d 52 9 9 9 9 9 
A088 n/d 53 9 9 9 9 9 
A088 n/d 54 9 9 9 9 9 
A088 n/d 55 9 9 9 9 9 
A088 n/d 56 9 9 9 9 9 
A088 n/d 57 9 9 9 9 9 
A088 n/d 2(a) 9 9 9 9 9 
A088 n/d cranium A 9 9 9 9 9 





9 9 9 9 9 
A089 n/d 32 9 9 9 9 9 
A089 n/d 33 9 9 9 9 9 
A089 n/d 52 9 9 9 9 9 
A089 NE 50 9 9 9 9 9 
A089 NE 51 9 9 9 9 9 
A089 NW 51 9 9 9 9 9 
A089 NW 52 9 9 9 9 9 
A089 NW 53 9 9 9 9 9 
A089 SE 50 9 9 9 9 9 
A089 SE 51 9 9 9 9 9 
A089 SE 52 9 9 9 9 9 
A089 SE 53 9 9 9 9 9 
A089 SE 54 9 9 9 9 9 
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Table A.2 (Continued). 
A089 SE 59 9 9 9 9 9 
A089 SE 60 9 9 9 9 9 
A091 n/d 1 9 9 9 9 9 
A091 n/d 61 9 9 9 9 9 
A091 n/d 62 9 9 9 9 9 
A091 n/d 66 9 9 9 9 9 
A091 n/d 1b 9 9 9 9 9 
A091 n/d 71/72 9 9 9 9 9 
A092 n/d 63 9 9 9 9 9 
A092 n/d 64 9 9 9 9 9 
A092 n/d 65 9 9 9 9 9 
A100 E 1 0 0 9 9 9 
A100 E 2 9 9 9 9 9 
A100 E 3 1 3.2 3.2 3.2 3.1 
A100 E 4 1 9 3.2 9 9 
A100 E 7 1 9 9 9 0 
A100 E 50 9 9 9 9 9 
A100 E 51 9 9 9 9 9 
A100 E 56 9 9 9 9 9 
A100 E 73 9 9 9 9 9 
A100 E 74 9 9 9 9 9 
A100 E 75 x x x x x 
A100 E Unnumbered 9 9 9 9 9 




1 1 9 9 3.1 9 
A100 S 2 9 9 9 9 9 
A100 S 3 9 9 9 9 9 
A100 S 4 9 9 9 9 9 
A100 S 63 9 9 9 9 9 
A100 S 65 9 9 9 9 9 
A100 W 1 9 9 9 9 9 
A100 W 2 9 9 9 9 9 
A100 W 3 9 9 9 9 9 
A100 W 65 9 9 9 9 9 
A101 E 50 9 9 9 9 9 
A101 E 51 1 3.1 9 3.1 9 
A101 E 1a (50?) 9 9 9 9 9 
A101 E 1b 9 9 9 9 9 




Table A.2 (Continued). 
A101 N 51 9 9 9 9 9 
A101 S 50 9 9 9 9 9 
A101 S 51 9 9 9 9 9 
A102 E 3.1 1 3.1 3.1 9 9 
A102 E 3.2 1 3.1 3.2 0 0 
A102 E 3.3 9 9 9 9 9 
A102 E 5 9 9 9 9 9 
A102 E 52 x x x x x 
A102 E 61 9 9 9 9 9 
A102 NE 2 9 9 9 9 9 
A102 NE 3 9 9 9 9 9 
A102 NE 61 9 9 9 9 9 
A102 S 51 9 9 9 9 9 
A102 S 50(3) 9 9 9 9 9 
A102 S 52(2) 1 3.1 9 9 9 
A102 W 1a 9 9 9 9 9 
A102 W 1b(60) 9 9 9 9 9 
A102 W 1c 9 9 9 9 9 
A102 W 1d 9 9 9 9 9 
A103 S 1 9 9 9 9 9 
A103 S 50 9 9 9 9 9 
A103 S 51 9 9 9 9 9 
A105 NE 1 9 9 9 9 9 
A105 NE 2 9 9 9 9 9 
A105 NE 3 0 9 9 0 0 
A105 NE 69 0 9 9 0 9 
A105 NE 72 9 9 9 9 9 
A105 NE 73 9 9 9 9 9 
A105 NE 85 9 9 9 9 9 
A105 NE 87 9 9 9 9 9 
A105 NE 90 9 9 9 9 9 
A105 NW 2 9 9 9 9 9 
A105 NW 3 9 9 9 9 9 
A105 NW 69 9 9 9 9 9 
A105 NW 74 9 9 9 9 9 
A105 NW 75 0 0 9 9 9 
A105 SE 2(60) 9 9 9 9 9 
A105 SE 3(61) 9 9 9 9 9 
A105 SW 1(62) 1 3.2 9 9 9 
A105 SW 2(60) 1 3.2 9 9 9 
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Table A.2 (Continued). 
A106 S 1 9 9 9 9 9 
A106 S 2 9 9 9 9 9 
A106 S 66 9 9 9 9 9 
A106 S 67 9 9 9 9 9 
A106 S 68 9 9 9 9 9 
A107 E 5 1 3.2 3.1 3.1 3.1 
A107 E 80 9 9 9 9 9 
A107 E 81 9 9 9 9 9 
A107 E 82 9 9 9 9 9 
A107 E 83 9 9 9 9 9 
A107 E 84 9 9 9 9 9 
A107 E 85 9 9 9 9 9 
A107 E 86 9 9 9 9 9 
A107 E 87 9 9 9 9 9 
A107 E 89 9 9 9 9 9 
A107 N 50 9 9 9 9 9 
A107 N 1(60) 1 9 3.1 9 9 
A107 N 2a 9 9 9 9 9 
A107 N 2b(61) 9 9 9 9 9 
A107 N 3(62) 9 9 9 9 9 
A107 S 2 0 0 9 9 9 
A107 S 3 9 9 9 9 9 
A107 S 4 9 9 9 9 9 
A107 S 5 9 9 9 9 9 
A107 S 6 1 3.1 3.1 3.1 3.1 
A107 W 1 1 9 9 3.2 9 
A107 W 2 9 9 9 9 9 
A107 W 3 9 9 9 9 9 
A107 W 4 9 9 9 9 9 
A107 W 5 9 9 9 9 9 
A107 W 6 9 9 9 9 9 
A107 W 61 9 9 9 9 9 
A107 W 7a 9 9 9 9 9 
A108 N 50 9 9 9 9 9 
A108 N 51 9 9 9 9 9 
A108 N 52 9 9 9 9 9 
A108 N 53 9 9 9 9 9 
A108 NE 2 9 9 9 9 9 
A108 NE 6 1 3.1 9 9 9 
A108 NE 4cran(3 9 9 9 9 9 
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Table A.2 (Continued). 
A108 NE 5cran(4 9 9 9 9 9 
A108 NE 5p/cran 9 9 9 9 9 
A108 NW 1 9 9 9 9 9 
A108 NW 3 0 9 9 0 9 
A108 NW 55 9 9 9 9 9 
A108 NW 56 9 9 9 9 9 
A108 NW 57 9 9 9 9 9 
A108 NW 58 9 9 9 9 9 
A108 SE 1 9 9 9 9 9 
A108 SE 2 9 9 9 9 9 
A108 SE 53 9 9 9 9 9 
A108 SW 1 1 9 3.1 9 3.1 
A108 SW 2 9 9 9 9 9 
A108 SW 3 9 9 9 9 9 
A108 SW 50 9 9 9 9 9 
A108 SW 51 9 9 9 9 9 
A108 SW 52 9 9 9 9 9 
A108 SW 53 9 9 9 9 9 
A109 E 50 9 9 9 9 9 
A109 E 51 9 9 9 9 9 
A109 E 56 9 9 9 9 9 
A109 N 2 1 2.1 0 9 9 
A109 N 3 9 9 9 9 9 
A109 S 50 9 9 9 9 9 
A109 S 51 9 9 9 9 9 
A110 NE 3 1 9 9 3.1 9 
A110 NE 4 1 3.2 9 9 9 
A110 NW 1 1 3.2 9 2.1 2.1 
A110 NW 5 1 9 9 3.2 9 
A110 SE 1 1 3.2 9 0 9 
A110 SE 2 1 9 9 3.1 9 
A110 SE 3 0 9 9 0 9 
A110 SE 5 0 9 0 9 9 
A111 E 2 1 9 9 9 3.1 
A111 E 3 1 9 3.2 9 9 
A111 N 3 9 9 9 9 9 
A111 N 4 9 9 9 9 9 
A111 N 5 1 3.2 9 9 9 
A111 N 58 9 9 9 9 9 
A111 W 1 0 3.2 9 9 0 
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Table A.2 (Continued). 
A111 W 3 9 9 9 9 9 
A111 W 4 9 9 9 9 9 
A111 W 5 0 9 9 0 9 
A111 W 3a 9 9 9 9 9 
A114 N 1 1 9 9 9 3.1 
A114 N 2 1 9 3.2 3.2 9 
A114 N 6 1 3.2 9 9 3.2 
A120 S 1 9 9 9 9 9 
A120 S 2 9 9 9 9 9 
A120 S 3 9 9 9 9 9 
A120 S 50 9 9 9 9 9 
A120 S 52 x x x x x 
A121 N 50 9 9 9 9 9 
A121 N 51 9 9 9 9 9 
A121 N 52 9 9 9 9 9 
A121 N 53 9 9 9 9 9 
A121 N 54 9 9 9 9 9 
A121 N 55 9 9 9 9 9 
0= absent, 1= present, 9= unobservable. LEH Codes: Location- 1: Cusp/Crown, 2: 
Middle Crown, 3: Lower Crown. Severity- 1: Just discernable, 2: Clear groove on teeth 
surface, 3: Gross defects (ridges/ dentin exposed). 
Table A.3 Data for Maximum Femoral Length and Non-Specific Indicators of Stress 
Tomb Chamber Burial 
L Max Fem 
Length (cm) 





A078 NW 1 9 9 0 0 
A078 NW 2 9 9 0 0 
A078 NW 3 9 9 0 0 
A078 NW 50 x x x x 
A078 S 50 9 9 0 0 
A078 SW 2 9 9 0 0 
A078 SW 50 9 9 0 0 
A078 SW 51 x x x x 
A078 SW 52 42.8 9 0 0 
A078 SW 1 Cranium 9 9 0 0 
A078 SW na 9 9 0 0 
A079 E 1 9 9 1 21.1 
A079 E 2 9 9 0 0 
A079 N 2 9 9 0 0 
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Table A.3 (Continued). 
A079 N 50 x x x x 
A079 N 51 9 9 0 0 
A079 N 52 9 9 0 0 





9 9 0 0 
A079 N 1 9 9 0 0 
A079 S 1 41.6 9 0 0 
A079 S 2 9 9 0 0 
A079 S 50 x x x x 
A079 S 51 9 9 0 0 
A079 S 54 9 9 0 0 
A079 S 0 9 9 0 0 
A079 W 2 9 9 0 0 
A079 W 4 9 9 0 0 
A079 W 5 9 9 0 0 
A079 W 50 x x x x 
A080 E 1 9 9 0 0 
A080 E 2 9 9 0 0 
A080 E 50 9 9 0 0 
A080 N 30 9 9 0 0 
A080 N 32 9 9 0 0 
A080 N 50 9 9 0 0 
A080 N 51 9 9 1 21.1, 21.4 
A080 S 4 42.7 42.5 0 0 
A080 S 60 x x x x 
A080 S 3(50) 40 9 1 21.1 
A080 W 1 42.3 9 0 0 
A080 W 3 9 9 1 21.1 
A080 W 54 9 9 0 0 
A080 W 1a 9 9 0 0 
A080 W 1d 9 9 0 0 
A086 NE 1 9 9 0 0 
A086 NE 2 9 9 0 0 
A086 SE 1 9 9 0 0 
A086 SE 2 9 9 0 0 
A086 SE 50 9 9 1 21.4? 
A086 SW 2 44.1 9 0 0 
A086 SW 3 44.4 44.4 1 21.1 
A086 SW 50 9 9 0 0 
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Table A.3 (Continued). 




9 9 1 21.1 
A087 SE 1 9 9 1 21.1, 21.4 
A087 SE 50 9 9 0 0 
A087 SE 52 9 9 0 0 
A088 n/d 1 9 9 0 0 
A088 n/d 52 9 9 0 0 
A088 n/d 53 9 9 0 0 
A088 n/d 54 9 9 0 0 
A088 n/d 55 9 9 0 0 
A088 n/d 56 9 9 0 0 
A088 n/d 57 9 9 0 0 
A088 n/d 2(a) 9 9 0 0 
A088 n/d cranium A 9 9 0 0 





9 9 0 0 
A089 n/d 32 9 9 0 0 
A089 n/d 33 9 9 0 0 
A089 n/d 52 9 9 0 0 
A089 NE 50 9 9 0 0 
A089 NE 51 9 9 0 0 
A089 NW 51 9 9 0 0 
A089 NW 52 9 9 0 0 
A089 NW 53 9 9 0 0 
A089 SE 50 9 9 1 21.4 
A089 SE 51 9 9 0 0 
A089 SE 52 9 9 1 21.1 
A089 SE 53 9 9 0 0 
A089 SE 54 9 9 0 0 
A089 SE 59 9 9 0 0 
A089 SE 60 9 9 0 0 
A091 n/d 1 9 9 0 0 
A091 n/d 61 9 9 1 21.1 
A091 n/d 62 9 9 0 0 
A091 n/d 66 9 9 0 0 
A091 n/d 1b 9 9 0 0 
A091 n/d 71/72 9 9 0 0 
A092 n/d 63 9 9 0 0 
 
92 
Table A.3 (Continued). 
A092 n/d 64 9 9 0 0 
A092 n/d 65 9 9 0 0 
A100 E 1 9 44.1 0 0 
A100 E 2 9 9 1 21.1,21.2 
A100 E 3 9 46.6 0 0 
A100 E 4 9 9 1 21.1 
A100 E 7 9 9 0 0 
A100 E 50 9 9 1 21.1 
A100 E 51 42.5 42.7 1 0 
A100 E 56 9 9 0 0 
A100 E 73 9 9 0 0 
A100 E 74 9 9 0 0 
A100 E 75 x x x x 
A100 E NA 9 47 0 0 




1 9 9 0 0 
A100 S 2 9 9 0 0 
A100 S 3 9 41.8 0 0 
A100 S 4 9 9 0 0 
A100 S 63 9 9 0 0 
A100 S 65 9 9 0 0 
A100 W 1 9 9 0 0 
A100 W 2 9 9 0 0 
A100 W 3 9 9 0 0 
A100 W 65 9 9 0 0 
A101 E 50 9 9 0 0 
A101 E 51 9 9 0 0 
A101 E 1a (50?) 9 9 0 0 
A101 E 1b 9 9 0 0 
A101 N 50 9 9 0 0 
A101 N 51 9 9 0 0 
A101 S 50 9 9 0 0 
A101 S 51 9 9 0 0 
A102 E 3.1 9 9 0 0 
A102 E 3.2 9 9 0 0 
A102 E 3.3 9 9 0 0 
A102 E 5 9 9 1 21.1 
A102 E 52 x x x x 
A102 E 61 9 9 1 21.1 
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A102 NE 2 9 9 0 0 
Table A.3 (Continued).  
A102 NE 3 9 9 0 0 
A102 NE 61 9 9 0 0 
A102 S 51 9 9 0 0 
A102 S 50(3) 9 9 0 0 
A102 S 52(2) 41.2 41.4 0 0 
A102 W 1a 9 9 1 21.1 
A102 W 1b(60) 9 9 0 0 
A102 W 1c 9 9 0 0 
A102 W 1d 9 9 1 21.1 
A103 S 1 9 9 0 0 
A103 S 50 9 9 0 0 
A103 S 51 9 9 0 0 
A105 NE 1 9 9 0 0 
A105 NE 2 9 9 0 0 
A105 NE 3 9 9 0 0 
A105 NE 69 9 9 0 0 
A105 NE 72 9 9 0 0 
A105 NE 73 9 9 0 0 
A105 NE 85 9 9 0 0 
A105 NE 87 9 9 0 0 
A105 NE 90 9 9 0 0 
A105 NW 2 9 9 0 0 
A105 NW 3 9 9 0 0 
A105 NW 69 9 9 0 0 
A105 NW 74 9 9 1 21.1 
A105 NW 75 9 9 0 0 
A105 SE 2(60) 9 9 0 0 
A105 SE 3(61) 9 9 0 0 
A105 SW 1(62) 9 9 0 0 
A105 SW 2(60) 9 9 0 0 
A106 S 1 9 9 0 0 
A106 S 2 9 9 0 0 
A106 S 66 9 9 0 0 
A106 S 67 9 9 0 0 
A106 S 68 9 9 0 0 
A107 E 5 9 9 0 0 
A107 E 80 9 9 0 0 
A107 E 81 9 9 0 0 
A107 E 82 9 9 0 0 
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A107 E 83 9 9 0 0 
Table A.3 (Continued). 
A107 E 84 9 9 0 0 
A107 E 85 9 9 0 0 
A107 E 86 9 9 0 0 
A107 E 87 9 9 0 0 
A107 E 89 9 9 0 0 
A107 N 50 9 9 0 0 
A107 N 1(60) 9 9 1 21.1 
A107 N 2a 47.1 47 0 0 
A107 N 2b(61) 9 9 1 21.1 
A107 N 3(62) 9 9 0 0 
A107 S 2 9 40.4 0 0 
A107 S 3 42.8 42.7 0 0 
A107 S 4 9 36.1 0 0 
A107 S 5 9 41.2 0 0 
A107 S 6 42.1 41.8 1 21.1 
A107 W 1 9 9 0 0 
A107 W 2 9 9 0 0 
A107 W 3 9 9 0 0 
A107 W 4 9 9 0 0 
A107 W 5 9 9 0 0 
A107 W 6 9 9 0 0 
A107 W 61 9 9 0 0 
A107 W 7a 9 9 0 0 
A108 N 50 9 9 0 0 
A108 N 51 9 9 0 0 
A108 N 52 9 9 1 21.1 
A108 N 53 9 9 0 0 
A108 NE 2 9 9 0 0 
A108 NE 6 9 9 0 0 
A108 NE 4cran(3 9 9 0 0 
A108 NE 5cran(4 44.5 44.8 0 0 
A108 NE 5p/cran 9 9 0 0 
A108 NW 1 9 9 0 0 
A108 NW 3 9 9 0 0 
A108 NW 55 9 9 1 21.1 
A108 NW 56 9 9 0 0 
A108 NW 57 9 9 0 0 
A108 NW 58 9 9 0 0 
A108 SE 1 9 9 0 0 
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A108 SE 2 9 9 0 0 
Table A.3 (Continued).  
A108 SE 53 9 9 0 0 
A108 SW 1 9 9 0 0 
A108 SW 2 9 9 0 0 
A108 SW 3 9 9 0 0 
A108 SW 50 9 9 0 0 
A108 SW 51 9 9 0 0 
A108 SW 52 9 9 0 0 
A108 SW 53 9 9 0 0 
A109 E 50 9 9 0 0 
A109 E 51 9 9 0 0 
A109 E 56 9 9 0 0 
A109 N 2 9 9 0 0 
A109 N 3 9 9 1 21.1 
A109 S 50 9 9 0 0 
A109 S 51 9 9 0 0 
A110 NE 3 9 38.3 0 0 
A110 NE 4 40.7 41.5 1 21.1 
A110 NW 1 40.5 40.5 1 21.1 
A110 NW 5 41.6 41.4 0 0 
A110 SE 1 43.8 9 0 0 
A110 SE 2 40.9 9 0 0 
A110 SE 3 9 39.8 0 0 
A110 SE 5 42.6 42.1 0 0 
A111 E 2 40.3 40 1 21.1 
A111 E 3 9 43.3 1 21.1 
A111 N 3 9 9 0 0 
A111 N 4 9 42.8 0 0 
A111 N 5 9 9 0 0 
A111 N 58 9 9 0 0 
A111 W 1 40.6 9 1 21.1 
A111 W 3 42.6 42.1 1 21.1 
A111 W 4 41.8 41.9 1 21.1 
A111 W 5 42.5 41.8 0 0 
A111 W 3a 9 9 0 0 
A114 N 1 38.3 38.2 1 21.1 
A114 N 2 39.9 39.1 0 0 
A114 N 6 9 42 1 21.1 
A120 S 1 9 9 0 0 
A120 S 2 9 9 0 0 
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A120 S 3 9 9 0 0 
Table A.3 (Continued). 
A120 S 50 9 9 0 0 
A120 S 52 x x x x 
A121 N 50 9 9 0 0 
A121 N 51 9 9 0 0 
A121 N 52 9 9 0 0 
A121 N 53 9 9 0 0 
A121 N 54 9 9 0 0 
A121 N 55 9 9 0 0 
Non-specific Infection Codes (21). 1: non-specific periostitis, 2: non-specific 
osteomyelitis, 3: sclerosing osteomyelitis, 4: non-specific osteitis 
Table A.4 Data for Metabolic Disorders 






10 code 5+10 
A078 NW 1 0 0 0 0 0 
A078 NW 2 0 0 0 0 0 
A078 NW 3 0 0 0 0 0 
A078 NW 50 x x x x x 
A078 S 50 0 0 9 9 0 
A078 SW 2 0 0 0 0 0 
A078 SW 50 0 0 9 9 0 
A078 SW 51 x x x x x 
A078 SW 52 0 0 9 9 0 
A078 SW 1 Cranium 0 0 1 10.10.3 1 
A078 SW na 0 0 9 9 0 
A079 E 1 0 0 0 0 0 
A079 E 2 0 0 9 9 0 
A079 N 2 0 0 9 9 0 
A079 N 50 x x x x x 
A079 N 51 0 0 9 9 0 
A079 N 52 0 0 9 9 0 




0 0 0 0 0 




A079 S 1 0 0 1 10.10.2 1 
A079 S 2 0 0 1 10.10.2 1 
A079 S 50 x x x x x 
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A079 S 51 0 0 9 9 0 
Table A.4 (Continued). 
A079 S 54 0 0 9 9 0 
A079 S 0 0 0 9 9 0 
A079 W 2 0 0 1 10.02.4 1 
A079 W 4 0 0 0 0 0 
A079 W 5 0 0 0 0 0 
A079 W 50 x x x x x 
A080 E 1 0 0 1 10.02.3 1 
A080 E 2 0 0 1 10.10.2 1 
A080 E 50 0 0 9 9 0 
A080 N 30 0 0 9 9 0 
A080 N 32 0 0 9 9 0 
A080 N 50 0 0 9 9 0 
A080 N 51 0 0 9 9 0 
A080 S 4 0 0 0 0 0 
A080 S 60 x x x x x 
A080 S 3(50) 0 0 0 0 0 
A080 W 1 0 0 1 10.10.3 1 
A080 W 3 0 0 1 10.10.2 1 
A080 W 54 0 0 9 9 0 
A080 W 1a 0 0 1 10.10.3 1 
A080 W 1d 0 0 9 9 0 
A086 NE 1 0 0 1 10.02.3 1 
A086 NE 2 0 0 9 9 0 
A086 SE 1 0 0 0 0 0 
A086 SE 2 0 0 1 10.02.2 1 
A086 SE 50 0 0 9 9 0 
A086 SW 2 0 0 1 10.10.3 1 
A086 SW 3 0 0 0 0 0 
A086 SW 50 1 3.1 9 9 1 




0 0 9 9 0 
A087 SE 1 0 0 9 9 0 
A087 SE 50 0 0 9 9 0 
A087 SE 52 0 0 9 9 0 
A088 n/d 1 0 0 0 0 0 
A088 n/d 52 0 0 0 0 0 
A088 n/d 53 0 0 9 9 0 
A088 n/d 54 0 0 9 9 0 
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A088 n/d 55 0 0 1 10.10.2 1 
 
Table A.4 (Continued). 
A088 n/d 56 0 0 9 9 0 
A088 n/d 57 0 0 9 9 0 
A088 n/d 2(a) 0 0 9 9 0 
A088 n/d cranium A 0 0 0 0 0 





0 0 0 0 0 
A089 n/d 32 0 0 1 10.10.2 1 
A089 n/d 33 0 0 0 0 0 
A089 n/d 52 0 0 9 9 0 
A089 NE 50 0 0 9 9 0 
A089 NE 51 0 0 0 0 0 
A089 NW 51 0 0 9 9 0 
A089 NW 52 0 0 9 9 0 
A089 NW 53 0 0 9 9 0 
A089 SE 50 0 0 9 9 0 
A089 SE 51 0 0 9 9 0 
A089 SE 52 0 0 9 9 0 
A089 SE 53 0 0 9 9 0 
A089 SE 54 0 0 9 9 0 
A089 SE 59 0 0 9 9 0 
A089 SE 60 0 0 9 9 0 
A091 n/d 1 0 0 0 0 0 
A091 n/d 61 0 0 9 9 0 
A091 n/d 62 0 0 9 9 0 
A091 n/d 66 0 0 9 9 0 
A091 n/d 1b 0 0 0 0 0 
A091 n/d 71/72 0 0 1 10.01.1 1 
A092 n/d 63 0 0 9 9 0 
A092 n/d 64 0 0 9 9 0 
A092 n/d 65 0 0 9 9 0 
















A100 E 4 0 0 0 0 0 
A100 E 7 0 0 9 9 0 
Table A.4 (Continued). 
A100 E 50 0 0 9 9 0 
A100 E 51 0 0 9 9 0 
A100 E 56 0 0 9 9 0 
A100 E 73 0 0 9 9 0 
A100 E 74 0 0 9 9 0 
A100 E 75 x x x x x 
A100 E Unnumbered 0 0 9 9 0 




1 0 0 1 10.10.2 1 
A100 S 2 0 0 1 10.01.2 1 
A100 S 3 0 0 0 0 0 




A100 S 63 0 0 9 9 0 
A100 S 65 0 0 9 9 0 
A100 W 1 0 0 0 0 0 









A100 W 65 0 0 9 9 0 
A101 E 50 0 0 9 9 0 
A101 E 51 0 0 9 9 0 
A101 E 1a (50?) 0 0 0 0 0 
A101 E 1b 0 0 0 0 0 
A101 N 50 0 0 0 0 0 
A101 N 51 0 0 9 9 0 
A101 S 50 0 0 9 9 0 
A101 S 51 0 0 9 9 0 
A102 E 3.1 0 0 9 9 0 
A102 E 3.2 0 0 9 9 0 




A102 E 5 0 0 1 10.10.2 1 
A102 E 52 x x x x x 
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A102 E 61 0 0 9 9 0 
A102 NE 2 0 0 0 0 0 
A102 NE 3 0 0 1 10.02.1 1 
A102 NE 61 0 0 9 9 0 
A102 S 51 0 0 9 9 0 
Table A.4 (Continued).  
A102 S 50(3) 0 0 0 0 0 




A102 W 1a 0 0 0 0 0 
A102 W 1b(60) 0 0 0 0 0 
A102 W 1c 0 0 1 10.10.2 1 
A102 W 1d 0 0 1 10.02.1 1 
A103 S 1 0 0 1 10.10.1 1 
A103 S 50 0 0 9 9 0 
A103 S 51 0 0 9 9 0 
A105 NE 1 0 0 0 0 0 




A105 NE 3 0 0 1 10.02.4 1 
A105 NE 69 0 0 9 9 0 
A105 NE 72 0 0 9 9 0 
A105 NE 73 1 5.1.2 9 9 1 
A105 NE 85 0 0 9 9 0 
A105 NE 87 0 0 9 9 0 
A105 NE 90 0 0 0 0 0 
A105 NW 2 0 0 0 0 0 
A105 NW 3 0 0 1 10.02.4 1 
A105 NW 69 1 5.3.1 9 9 1 
A105 NW 74 0 0 9 9 0 
A105 NW 75 0 0 0 0 0 
A105 SE 2(60) 0 0 0 0 0 
A105 SE 3(61) 0 0 1 10.02.1 1 
A105 SW 1(62) 0 0 0 0 0 




A106 S 1 0 0 1 10.10.2 1 
A106 S 2 0 0 9 9 0 
A106 S 66 0 0 9 9 0 
A106 S 67 0 0 9 9 0 
A106 S 68 0 0 9 9 0 
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A107 E 80 0 0 9 9 0 
A107 E 81 0 0 9 9 0 
A107 E 82 0 0 9 9 0 
A107 E 83 0 0 9 9 0 
Table A.4 (Continued).  
A107 E 84 0 0 9 9 0 
A107 E 85 0 0 9 9 0 
A107 E 86 0 0 9 9 0 
A107 E 87 0 0 9 9 0 
A107 E 89 0 0 9 9 0 
A107 N 50 1 5.3.1 9 9 1 
A107 N 1(60) 1 5.3.1 0 0 1 
A107 N 2a 0 0 1 10.10.3 1 




A107 N 3(62) 1 
5.1.2, 
5.3.1 
1 10.02.4 2 








A107 S 4 0 0 0 0 0 
A107 S 5 0 0 0 0 0 




A107 W 1 1 5.3.2 0 0 1 





A107 W 3 0 0 1 10.01.1 1 
A107 W 4 0 0 9 9 0 
A107 W 5 0 0 0 0 0 





A107 W 61 0 0 9 9 0 
A107 W 7a 0 0 1 10.10.2 1 
A108 N 50 0 0 9 9 0 
A108 N 51 0 0 9 9 0 
A108 N 52 0 0 9 9 0 
A108 N 53 0 0 9 9 0 
A108 NE 2 0 0 0 0 0 
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A108 NE 4cran(3 0 0 0 0 0 
A108 NE 5cran(4 0 0 0 0 0 
A108 NE 5p/cran 0 0 9 9 0 
A108 NW 1 0 0 0 0 0 
Table A.4 (Continued).  
A108 NW 3 0 0 0 0 0 
A108 NW 55 0 0 9 9 0 
A108 NW 56 0 0 9 9 0 
A108 NW 57 0 0 9 9 0 
A108 NW 58 0 0 9 9 0 
A108 SE 1 0 0 9 9 0 
A108 SE 2 0 0 0 0 0 
A108 SE 53 0 0 9 9 0 




A108 SW 2 0 0 1 10.10.2 1 
A108 SW 3 0 0 1 10.10.2 1 
A108 SW 50 0 0 9 9 0 
A108 SW 51 0 0 9 9 0 
A108 SW 52 0 0 9 9 0 
A108 SW 53 0 0 9 9 0 
A109 E 50 1 5.3.1 1 10.10.3 2 
A109 E 51 0 0 9 9 0 
A109 E 56 0 0 9 9 0 
A109 N 2 0 0 1 10.01.1 1 
A109 N 3 0 0 0 0 0 
A109 S 50 0 0 9 9 0 
A109 S 51 0 0 9 9 0 
A110 NE 3 0 0 1 10.10.2 1 
A110 NE 4 0 0 1 10.10.2 1 













A110 SE 2 0 0 0 0 0 




A110 SE 5 0 0 0 0 0 
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A111 E 2 0 0 0 0 0 
A111 E 3 0 0 0 0 0 






Table A.4 (Continued).  









A111 N 58 0 0 9 9 0 




A111 W 3 0 0 0 0 0 








A111 W 3a 0 0 9 9 0 
A114 N 1 0 0 1 10.01.4 1 








A120 S 1 0 0 0 0 0 
A120 S 2 0 0 1 10.10.2 1 
A120 S 3 0 0 0 0 0 
A120 S 50 0 0 9 9 0 
A120 S 52 x x x x x 
A121 N 50 0 0 9 9 0 
A121 N 51 0 0 9 9 0 
A121 N 52 0 0 1 10.10.3 1 
A121 N 53 0 0 9 9 0 
A121 N 54 1 5.1.1 9 9 1 
A121 N 55 0 0 9 9 0 
Metabolic Disorder Codes (5)- 1: Vitamin D deficiency, 1.1: Rickets, 1.2: Osteomalacia, 
2: Vitamin C deficiency, 2.1: Scurvy, 3: General, 3.1: Osteoporosis. Blood Disorder 
Codes- 01: CO left orbit, 02: CO right orbit, 10: PH. Blood Disorder Severity Codes- 0: 
Normal bone surface, 1: Capillary like impressions on the bone, 2: Scattered fine 
foramina, 3: Large and small isolated foramina, 4: Foramina have linked into a trabecular 
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structure, 5: Outgrowth in trabecular form from the outer table surface, 9: Not Present/ 
Unobservable (Powers, 2012). 
  
 
